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EXECUTIVE SUMMARY 

OVERVIEW 

This feasibility study IFS) report relates the process used to evaluate a variety of approaches to address 

contaminated marine sediment offshore of the former Derecktor Shipyard at the Naval Education and 

Training Center in Newport, Rhode Island. Five alternatives are presented for consideration as the 

Navy’s cleanup strategy for the off-shore portions of the site. Environmental concerns for the son-shore 

areas of the site are currently being addressed through accelerated soil excavation operations, and a 

separate feasibility study will evaluate long term actions to assure protection of human health and the 

environment from adverse effects from on-shore contaminants. 

BACKGROUND 

The Navy used the information from three studies to develop the FS. 

A marine ecological risk assessment was conducted for Coddington Cove during 1995 and 1996. 

Sediment, fish, lobster, mussels, and clams were sampled and analyzed by the University of Rhode 

Island and University of Mississippi Laboratories. Data was evaluated with input from federal and state 

agencies and natural resource trustees. The risk assessment found an increased potential for adverse 

health effects to the ecological systems from their exposure to contaminants in sediment. The largest 

increase was found near the property leased by Derecktor between 1979 and 1992. 

A marine human health risk assessment was performed in 1997 to estimate the potential for adverse 

effects to human health from the contaminants that are present in marine sediment and shellfish. This 

study found a potential for increased risk of cancer and non cancer health effects to humans ingesting 

36 meals per year or more of shellfish and lobster taken from the inner portions of Coddington Cove. 

The study also found negligible increases of risk from eating lesser amounts of shellfish taken from this 

area, and from recreational activities such as swimming, wading, and shellfish collection. 

An investigation was conducted in 1996 on and around the land used for Derecktor Shipyard 

operations. Soil and groundwater samples were collected and analyzed to determine contalminant 

presence. In addition, the buildings and underground mechanical systems were surveyed to locate 
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possible past waste discharges. This study determined that chemical releases to the ground surface 

would likely have been discharged to Coddington Cove through building and storm drain systems. 

A comparison of these studies shows that the contaminant levels in the sediments are particularly 

elevated near the storm water outfalls that discharge water collected from the paved areas around the 

former Derecktor property. This information was used to determine the types and locations of 

contaminants in the marine sediment in Coddington Cove that need to be addressed to protect human 

health and the environment. 

FEASIBILITY STUDY PROCESS 

The FS identified preliminary remediation goals, or PRGs. PRGs are concentrations of contaminants 

that, if allowed to remain in the marine sediment, are not anticipated to pose an increased1 risk of 

adverse effects to human health or the environment. Sediments that contain concentrations of 

contaminants in excess of the PRGs were identified and are depicted on Figure E-l. 

The FS evaluated a range of options to address the marine sediment. Current technologies were 

evaluated to determine if they could be effectively used to protect human health and the environment 

by containing, removing, or treating the contaminants and if they could be implemented in the areas 

where the contaminants are present. General technology options assessed were dredging sediment and 

removing it off site, restricting access to persons collecting shellfish and lobsters, and monitoring 

sediment concentrations to determine if natural degradation of contaminants occurs over time. 

Five detailed action alternatives to address the contaminants in the marine sediment are typically 

evaluated against nine criteria that are listed in the National Contingency Plan: overall protection, 

compliance with other environmental laws, long-term effectiveness, reduction of toxicity, short-term 

effectiveness, implementability, cost (for a 30 year period), and state and public acceptance. These 

last two criteria, state and public acceptance, are not addressed in this Draft FS. State and public 

acceptance will be evaluated through reviewing and revising this document and the proposed plan, 

which will be developed and introduced at a public meeting during the winter of 1999. 

The alternatives selected for the comprehensive evaluation are I) no action, 2) limited action (access 

limitations and long-term monitoring) and three dredging alternatives (3A, 3B, and 41, with varying 
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degrees of completeness. The FS discusses how each of these alternatives meet the seven criteria and 

then evaluates how well each compares to one another. 

SUMMARY OF ALTERNATIVES 

Alternative 1 (no action) is evaluated as a baseline to which other alternatives can be compared. It 

would involve no protection of human health or the environment from the contaminants. Since 

contaminants would remain at the site, a 5-year review would be required under the law. The present 

worth cost of this alternative is estimated at $46,393. 

Alternative 2 (limited action) includes restricting access to portions of Coddington Cove from persons 

taking shellfish and lobster. In addition, a ban on collection of shellfish and lobster would be imposed 

and posted for these areas, which includes the north breakwater. It should be noted that these areas 

are waters owned by the State of Rhode Island. Monitoring existing conditions would be performed 

annually to determine if the concentrations of contaminants remain elevated. A review of the 

alternative would be performed every 5 years to evaluate the need to take other action or to 

discontinue this action. The present worth cost of this alternative is estimated at $1,410,764 . This 

alternative would provide protection to humans, but not to the environment. 

Alternative 3A (limited dredging) includes limited long-term monitoring, imposing the access restriction 

and shellfish/lobster ban described in Alternative 2 to protect humans, and dredging the sediments that 

pose risk to the environment. Based on current data, approximately 33,600 cubic yards of sediment 

would be dredged and landfilled off site from areas near the piers and the former Derecktor Shipyard 

waterfront. The present worth cost of this alternative is estimated at $17,438,348 . This alternative 

would provide protection to humans and to the environment. 

Alternative 3B (“hot-spot” dredging) includes limited long-term monitoring, the imposing access 

restriction and shellfish/lobster ban described in Alternative 2 to protect humans, and dredging only the 

sediments that pose the highest risk to the environment. Based on current data, approximately 30,451 

cubic yards of sediment would be dredged and landfilled off site. A predesign investigation would have 

to be performed to refine the areas to be dredged. The present worth cost of this alternative is 

estimated at $15,504,811. This alternative would provide protection to humans and some protection 

to the environment. 
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Alternative 4 (complete dredging) includes dredging and off-site landfilling of sediment that contains 

contaminants in excess of the recommended PRGs. A large portion of Coddington Cove vvould be 

affected by this action. Based on current data, approximately 50,900 cubic yards of sediment would be 

dredged and landfilled off site. The present worth cost of this alternative is estimated at $24,969,557. 

This alternative would provide the most protection to humans and the environment. 
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1 .O INTRODUCTION 

At the request of the US Navy (“the Navy”), Ten-a Tech NUS Inc. (formerly Brown & Root 

Environmental) has completed a Feasibility Study (FS) for the marine portions of the Former Robert 

E. Derecktor Shipyard - Study Area 19 (the site), located at the Naval Station Newport (NSN) in 

Newport, Rhode Island. The FS was conducted under the Navy’s Installation Restoration IProgram 

(IRP) in accordance with the requirements of the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA), as amended by the Superfund Amendments and 

Reauthorization Act (SARA). This work is being conducted under Contract Number N62472-90-D- 

1298 for the Northern Division (NORTHDIV) Naval Facilities Engineering Command headquartered 

in Lester, Pennsylvania. 

The Federal Facilities Agreement (FFA) describes and defines Study Area 19 as a part of the Naval 

Education and Training Center (NETC). Although the name reference has been changed in 11998 to 

NSN, the requirements of the FFA follow accordingly. 

This FS was developed to address off-shore contamination issues at the site. Studies were 

conducted to ascertain whether site activities had resulted in contamination of on-shore soils and 

groundwater and whether marine sediments near the site had been af.fected by site-related 

activities and contamination. Results of these studies were presented in the (Final) Marine 

Ecological Risk Assessment Report, Former Robert E. Derecktor Shipyard (prepared by Science 

Applications International Corporation (SAIC) and the University of Rhode Island (URI, May 1997) 

(Marine ERA); the (Draft Final) Site Assessment Screening Evaluation (SASEI Report (B&R 

Environmental, 1997); and the Human Health Risk Assessment for Off Shore Areas of the 

Derecktor Shipyard IHHRA) (B&R Environmental, June 1998). This document summarizes the 

results of these studies and their conclusions pertinent to the media of concern for this FS. 

A second Feasibility Study will be performed for the on shore portions of the site after the 

conclusion of hot spot removal actions. The On-Shore Feasibility Study Report will select and 

evaluate remedial alternatives for the on shore portions of the site. 

The FS report is divided into five sections. Section 1 .O provides background information on the 

Derecktor Shipyard, including the site location and description; site history; site geology and 
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hydrogeology; contaminant nature and distribution in the media of concern; and the results of the 

site investigations and risk assessments. 

Section 2.0 describes the development of remediation goals, including identification of potential 

applicable or relevant and appropriate requirements (ARARs) and media and chemicals of concern 

for the FS, and development of remedial action objectives (RA0.s) and preliminary remediation 

goals (PRGs.1. 

Section 3.0 describes the general response actions (GRAS) and presents the identification and 

preliminary screening of potential remedial technologies and the detailed evaluation of candidate 

technologies and process options. 

Section 4.0 describes the remedial alternative development process and provides detailed 

descriptions of the proposed remedial alternatives. 

Section 5.0 provides a detailed analysis of remedial alternatives on the basis of the evaluation 

criteria specified by the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) 

40 CFR 300. This section also includes a comparative analysis of the remedial alternatives. 

1.1 SITE LOCATION AND DESCRIPTION 

The NSN is located approximately 60 miles southwest of Boston, Massachusetts, and 25 miles 

south of Providence, Rhode Island. It occupies approximately 1,063 acres, with portions of the 

facility located in the City of Newport and Towns of Middletown and Portsmouth, Rhode Island. 

The facility layout is long and narrow, following the western shoreline of Aquidneck Island for 

nearly 6 miles facing the east passage of Narragansett Bay. A general location map of the NSN 

(Newport Naval Base) is provided as Figure l-l. 

The Robert E. Derecktor Shipyard Site is located in Coddington Cove at the central portion of the 

NSN (Figure I-2). The site is comprised of approximately 41 acres of shoreline land and 

improvements, which was leased to the Rhode Island Port Authority and Economic Development 

Corporation (RIPAEDC) by the Navy. RIPAEDC, in turn, leased this parcel to Robert E, Derecktor 

Shipyards of Rhode Island, Inc. This lease commenced January 1, 1979, and ran until the 
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Derecktor Corporation filed for bankruptcy protection in January 1992. A detailed map of the on- 

shore portions of the site is presented as Figure l-3 (A and B). 

1.2 SITE HISTORY 

The NSN facility has been in use by the Navy since the Civil War era. During World Wars I and II, 

military activities at the facility increased significantly and the base provided housing for many 

servicemen. In subsequent peacetime years, use of on-site facilities was slowly phased out until 

Newport became the headquarters of the Commander Cruiser-Destroyer Force Atlantic in 1962. In 

April 1973, the Shore Establishment Realignment (SER) Program resulted in the reorganization of 

naval forces, and activity again declined. This reorganization resulted in the Navy excessimg 1,629 

of its former 2,420 acres. Portions of the facility are currently leased by the Navy to the RIPAEDC. 

Some of these areas are, in turn, subleased to private enterprises. 

NSN was listed on the US Environmental Protection Agency (EPA) National Priorities List (NPL) of 

abandoned or uncontrolled hazardous waste sites in November 1989. The NPL identifies those 

sites that pose a significant threat to the public health and the environment. 

A Federal Facilities Interagency Agreement (FFA) for NSN was signed by the Navy, the State of 

Rhode Island, and the EPA on March 23, 1992. The FFA outlines response action requirements 

under the IRP at NSN. The IRP is similar to the EPA’s Superfund Program authorized under 

CERCLA in 1980, as amended by SARA in 1986. The FFA was developed, in part, to ensure that 

environmental impacts associated with past and present activities at NSN are thoroughly 

investigated and remediated, as necessary. While the Derecktor Shipyard site was not originally 

on the list of IRP sites in the FFA, it was added in 1994 as a “Study Area”. 

The shoreline of Coddington Cove was acquired in 1940 for use as a Navy supply station. Prior to 

this time, the Coddington Cove area was farm land with few buildings. During World War II, the 

Coddington Cove area experienced major development, including construction of barracks, 

warehouse space, and hundreds of Quonset huts. Although naval activity diminished following 

the end of World War II, some construction at Coddington Cove continued. In 1955, Pier 1 was 

completed to replace pier space lost in 1954 during Hurricane Carol. The adjacent Pier 2 was 

added in 1957. 
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In 1962, Newport became headquarters to the Commander Cruiser-Destroyer Force Atlantic. 

Dozens of naval warships and auxiliary support ships were home-ported at Newport. A 1962 

aerial photograph of the Coddington Cove area shows 18 naval warships moored at Pier 1. 

Buildings on site are described in this report and on Figure l-3 by number. Figure l-3 is presented 

on two oversize maps. Figure 3A depicts the northern half of the site, and Figure 3B depicts the 

southern half of the site. Buildings 6, 40, 41, and 234 were all constructed at the site by the 

Navy. Building 6 was constructed in 1942 for warehouse and storage space. Buildings 40 and 41 

(Quonset huts) were constructed in 1951 and 1952 respectively; Building 42 was constructed in 

1952, and used as a cold storage warehouse. Building 234, originally referred to as the “Transit 

Shed”, was constructed in 1956, and used to store and assemble large items prior to being loaded 

onto ships. 

The Navy’s use of the Coddington Cove area continued until April 1973, when the Navy 

announced the SER program. The SER resulted in a reorganization of naval forces at Newport and 

the transfer of ships and activities to other naval stations. The SER also directed transferrring or 

excessing non-essential land and facilities. 

During the period between 1973 and 1979, Building 40 was leased to Coddington Yachts Inc., and 

Building 234 was used by the Newport Shipyard, Inc. Building 42 was used by the Newport 

Seafood Group as a fish processing plant. In 1979, the Navy leased 41 acres to the RIF’AEDC, 

which in turn subleased the property to Robert E. Derecktor Shipyards of Rhode Island Inc. 

During the lease period, Derecktor dismantled Buildings 40 and 41, removed them from their 

original location south of Building 42, and re-assembled them in four sections near Pier 1. These 

are referred to as Huts 1-4. Derecktor also constructed a large addition to Building 234, which 

was used as a setup area so that ships could be constructed inside. 

The site was used by Derecktor to repair, maintain, and construct private and military ships. 

Repair and maintenance operations were concentrated around Pier 1. These operations largely 

consisted of sandblasting and painting, hull inspections, and other on-board ship repairs. Two 

floating dry docks were moored at Pier 1, and a large ferry, known as the Greenport Ferry, was 

moored between Buildings Al 8 and 234 for use as work space. 
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Derecktor also constructed new ships under contract to the US Coast Guard and the US Army. 

These ships had steel structures, and were used as cutters and tugboats. Construction included 

cutting and welding steel, sandblasting, priming and painting the structure, and assembling the 

ship. Ship assembly was primarily conducted in Building 234. Supporting the ship maintenance 

and construction operations were an engineering department (Buildings 6 and A-181, an electrical 

and pipe shop (Building 61, a vehicle maintenance shop (Huts 1 and 21, as well as small storage 

(Huts 3 and 4). 

In 1992, the Derecktor corporation filed for bankruptcy protection. Because there was a 

possibility of hazardous materials releases at the site, the Navy performed a Preiliminary 

Assessment (PA) of the site. This was completed in May 1993; the following conclusions were 

drawn: 

l Shipyard operations generated large quantities of hazardous wastes, including waste oil, 

paints, solvents, thinners, concentrated bases, and other waste solids and liquids. 

. Housekeeping practices and hazardous material handling practices at the facility were poor. 

. Waste materials, including spent sandblast grit and oily liquids from the dry dock, were known 

to be disposed of on the property. 

l Sand blast grit and metals-contaminated marine sediments are present around Pier 1. 

l Releases of hazardous material are suspected in the waterfront areas and around Building 6. 

. Interiors of Buildings 42, 234, 6, and 40 require cleaning prior to re-use. 

. Numerous unlabeled 55-gallon drums were present containing unknown liquids. 

. Asbestos-containing materials were suspected in some buildings. 

. Releases to the ground surface at the site would most likely cause contaminants to pass to 

the marine environment through groundwater flow or via storm drain systems. 
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l Sheetpiling at the North waterfront had become undermined, and debris had been placed 

within the void spaces (areas marked as “H” on Figure I-3A). 

Based on these conclusions, the Navy added the site to the FFA list as a Study Area. In 1995 and 

1996, more thorough investigations were performed and environmental cleanup actions were 

performed. The Site Assessment Screening Evaluation (SASE) (B&R Environmental, June 1997) 

was performed to identify and characterize contaminants in the on-shore portions of the site. A 

Marine Ecological Risk Assessment (ERA) (SAIC and URI, May 1997) was perforrned to 

characterize the risk posed by contaminants in the marine sediment to ecological receptors near 

the site. A follow-up study to the ERA was performed in the summer of 1998. This was referred 

to as the stillwater basin evaluation, and findings were published in a Draft report in November 

1998. Finally, a Human Health Risk Assessment report (HHRA) (B&R Environmental, June 1998) 

was prepared using data collected as a part of the ERA to identify increased risks to humans from 

the contaminants in the marine environment. A summary of these studies is presented in sections 

1.3 through 1.7. 

Between the publication of the PA report and this FS, other construction and site restoration 

activities occurred. Building 234 was removed in 1993, and the old transit shed was removed in 

1997, leaving the slab foundations. Huts 3 and 4 were removed in 1993. Huts 1 and 2. were 

removed in 1997. The dry docks were removed from Pier 1 and the Greenport Ferry was removed 

in 1993. Building A-l 8 on T-Wharf south of Pier 1 was demolished in 1997; the wharf piling has 

deteriorated substantially. 

NSN Public Works Department (PWD) performed a preliminary removal at the site in 1994 that 

consisted of removing remaining debris, surface cleaning grossly contaminated concrete, and 

closing and removing underground storage tanks. 

In 1996, NSN PWD contracted a removal of sand blast grit that was present on the ground t:o the 

north and east of Building 42. OHM Corporation removed approximately 16,600 cubic yards of 

this material and covered the ground with a crushed stone/gravel mix. Sandblast grit was 

transported and disposed of at McAllister Point Landfill. 

In 1997, the soil berm located to the south of the site was removed and sorted. This material 

was found to contain excavated soils and debris from construction and expansion of Building 234. 
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Some of this material was transported to Tank Farm Four for fill material in the imploded fuel oil 

bunkers. The remainder is undergoing disposal at Rhode Island landfills. 

In the late summer of 1998, three inactive warships were moved from the Philadelphia Naval 

Shipyard to be temporarily berthed at Pier 1. These ships include two aircraft carriiers, ex- 

FORRESTAL and ex-SARATOGA, and the battleship ex-IOWA. The Naval Inactive Ship 

Maintenance Facility in Philadelphia remains responsible for the ships. At the February 18, 1998 

Restoration advisory Board Meeting, Captain Hall from Naval Sea Systems Command (NAVSEA) 

stated that these ships are in experimental hold status (would not likely be returned to duty. He 

also stated that the ships were never painted with tributyltin paints, and the copper that could 

leach from the bottom paints were minimal. Captain Hall and his staff stated that bottoms of 

these ships will not be repainted as they are inactive ships, and growth is not a concern. Prior to 

dockage, the vessels would be safety cleaned, and watertight. Oil booms would be installed and 

maintained around the ships, and a security staff and site manager would be present at all times 

to assure safety and cooperate with Coddington Cove restoration efforts. 

Another removal action is progressing to address soil contamination under Buildings 42 and to the 

northeast of Building 6. These removal actions and their objectives are described in Sections 1.8 

and 2.2.1. 

1.3 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

This section summarizes the regional and site geologic and hydrogeologic features. This 

information is based on the drilling program performed as a part of the SASE and data from 

previously published literature and reports of other contractors, which are presented in the (Draft 

Final) SASE Report (B&R Environmental, 1997). 

1.3.1 Regional Geology and Hydrogeology 

The NSN site is located at the southeastern end of the Narragansett Basin. The rocks of the 

Narragansett Basin are non-marine sedimentary rocks of Pennsylvanian age. The bedrock at the 

NSN facility is almost entirely of the Rhode Island Formation. A few areas of thick conglomerates 

are present within the Rhode Island Formation. They consist of pebbles, cobbles, and boulders 

inter-bedded with sandstone and graywacke. Coasters Harbor Island (Figure l-2) is mostly 
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covered with this conglomerate material. Overlying the Pennsylvanian rocks of the Narragansett 

Basin are surficial deposits of Pleistocene sediments. These unconsolidated, glacial sediments 

range in thickness from 1 to 150 feet and consist of till, sand, gravel, and silt. 

Many areas on Aquidneck Island, on which the NSN is located, obtain potable water fro,m wells. 

Groundwater is obtained from the unconsolidated glacial till and outwash deposits, and from the 

underlying Pennsylvanian bedrock. The average depth to groundwater is 14 feet. In the NSN area, 

glacial till deposits are typically less than 20 feet thick. Well yields in these materials range from 1 

to 120 gallons per minute. Although till is considered an unconsolidated deposit, the upper limit of 

this well yield is likely from an outwash deposit that is well sorted and stratified. Till wells typically 

yield a few hundred gallons of water per day or less than 1 gallon per minute. Bedrock well yields 

range from less than 1 to as much as 55 gallons per minute and are highly dependent on the 

presence of joints and fractures. Most groundwater is soft or moderately hard. In scattered 

locations, pumping has led to salt water intrusion. 

1.3.2 Site Geology 

The information presented in this section is condensed from the SASE report (B&R Environmental, 

1997). That investigation separated the site into four distinct areas (North Waterfront, Central 

Shipyard Area, Building 234 Area, and South Waterfront) as shown on Figure l-3. The following 

descriptions are specific to these four areas. 

The uppermost surficial materials in the North Waterfront are described primarily as gravely sands, 

silty sands, and fine to medium poorly graded sands with varying proportions of silt, gravel, and 

traces of shell fragments in some soils. These sands continue at the deepest borinlgs to 

approximate depths of between 10 feet below ground surface (bgsl (at MW03) to 24 feet bgs (at 

MW02), and are underlain by a tight and dense, silty, gravely, sand with trace clay (probable till). 

The probable till, encountered above weathered bedrock, varied between approximately 8 feet 

thick at MW03 to approximately 12 feet thick at MW04. 

As observed in the borings advanced during this investigation, depths to bedrock at the North 

Waterfront vary from approximately 18 feet bgs at MW03 to approximately 34 feet bgs at MW02. 

Bedrock, as described in the boring logs, is highly weathered, fissile, phyllite, and schist. Some 

samples of bedrock were degraded to clay and silt (saprolite). 
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The uppermost surficial materials in the Central Shipyard Area are comprised primarily of gravely 

sands and sandy gravel with varying proportions of silt and silty sands. 

As observed at the two deepest borings in the Central Shipyard Area, MW05 and MW07, a dense 

clayey, silty, gravely sand (probable till) was observed underlying the upper sands and gravel, from 

approximately 28 to 42 feet bgs at MW05, and from approximately 24 to 33 feet bgs at MW07. 

Dense silt or interlayered sands and silts were observed immediately above weathered bedrock at 

MW05 and MW07 from approximately 42.0 to 46.5 feet bgs and from 33.0 to 37.5 feet bgs, 

respectively. 

The depth to bedrock in the Central Shipyard Area increases significantly from east to west, 

ranging from approximately 4.3 feet bgs at MW06 to 46.5 feet bgs at MW05, and 37.5 feet bgs 

at MW07. Bedrock in this area is described in the logs as weathered, fissile, gray phyllite. The 

rock quality designation (RQDI of bedrock cored at MW05 was 43 percent (poor rock quality). 

The uppermost surficial materials at the Building 234 Area primarily consist of gravely, silty, sand; 

silty sand; and sand. As recorded on the boring logs, the majority of the sands are poorly graded, 

and include varying proportions of silt and subrounded to angular gravel. In one location, TP08, 

fragments of seashells were also observed within the gravely sand identified from 5 to 9 feet bgs. 

At the deepest boring (MW-091, advanced to 51 feet bgs, dense gravely, silty, sand (till) was 

observed from approximately 10.5 to 18.0 feet bgs. From approximately 18 to 46 feet bgs in this 

boring, a dense sandy silt (till) with varying amounts of gravel was identified overlying weathered 

bedrock, which was encountered at approximately 46 feet. 

As described in the logs, bedrock in the Building 234 Area is identified as fissile, grey to black 

phyllite, which is generally weathered and broken (at the depths observed in these subsurface 

investigations). Based on the subsurface investigations described above, the depth to bedrock in 

the area of Building 234 increases significantly toward the south, varying from approximately 8.5 

feet bgs at TP09 to approximately 46.0 feet bgs at MW-09. At MW08, 4 inches of rock. was 

recovered in a split-spoon sample from approximately 12.0 to 12.5 feet bgs, although coring1 was 

not conducted at this location for confirmation of bedrock. At MW-104 (installed by GZA Inc. in 
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19931, on the east side of the site, bedrock was reported at approximately 14 feet bgs. The RQD 

of bedrock cored at MW09 was 0 percent (very poor rock quality). 

The South Waterfront was characterized by a strip of waterfront beach, with soil piles placed 

above the tidal area that were colonized by native and invasive shrubs and grasses. Six test pits 

were excavated in this area to characterize subsurface materials. Surficial materials in these soil 

piles are primarily gravely sands, consisting of mostly fine or fine to medium sands, with some fine 

to coarse subrounded to subangular gravel. These materials were thus believed to be fill. The 

gravely sands continued throughout the depth of most test pits (excavated from 7 to 16 feet bgsl, 

with the following exceptions: a layer of sand (mostly fine to medium), identified as possible 

beach sand, was described at TPOI from 11 to 12 feet bgs (the bottom of test pit). In TP03, a 

sand layer (mostly fine sand) was identified from 3 to 9 feet bgs (the bottom of test pit), however, 

pieces of asphalt also identified in TP03 from 6 to 9 feet indicated this to be probable fill material. 

Bedrock was not encountered in any of the test pits in this area. 

1.3.3 Site Hydrogeology 

The hydraulic conductivity of the geologic materials at the site was estimated by conducting slug 

tests. A description of the test procedure is presented in the SASE report. Data gathered during 

the slug tests were evaluated to provide an estimate of the hydraulic conductivity of the geologic 

material adjacent to the monitoring well being tested. 

The hydraulic conductivity measured in overburden wells ranges from a low of 0.48 feet p’er day 

(MW03) to a high of 1.71 feet per day (MWI 2). These values are comparable to values reported in 

the literature for similar geologic materials. 

Water levels were monitored over 5 days from September 19 to September 23, 1996, to 

determine tidal fluctuation. During this period, pressure transducers were suspended below the 

water surface in selected wells and from the sheet piling near Building 234. The data were 

normalized to elevation and vapor pressure, and the changes over time were evaluated. This 

information clearly indicated that tide influences both the shallow bedrock groundwater and the 

overburden groundwater. Tidal fluctuations were noted in wells more than 100 feet inland (east) 

of the sheet piling wall. 

W5298 195F 1-12 CT0 302 



Another notable finding was that the elevation of water in the bedrock well (MW05) was 

continually below the elevation of the seawater during the time of the survey. Since this was not 

expected, the measurements were checked and it was confirmed that although the bedrock 

groundwater fluctuates with the tide, the elevation of the bedrock groundwater is below the 

elevation of the ocean. 

Salinity was measured to be 1 .O parts per thousand (ppt) or less in on-site wells. Salinity of the 

seawater adjacent to the sheet piling wall was measured as 22 ppt. The low salinity of thle water 

within the well indicates that the source of the water is from upgradient or from the 

unconsolidated material above the bedrock. Density of the stratum and a lack of observecl water- 

carrying fractures in the core indicates that the bedrock carries water poorly at this location. 

Since there are not co-located wells, it cannot be determined conclusively that the bedrock is 

receiving water from the overburden, but this is likely to be the case. 

The Rhode Island Department of Environmental Management (RIDEM) has classified groundwater 

in Rhode Island to protect the quality of the state’s groundwater resources for use as drinking 

water and other beneficial uses, and to ensure protection of the public health and welfare, and the 

environment. Groundwater at the site has been classified as GB (RIGIS 1997). Groundwater 

classified GB is typically located at highly urbanized areas or is located in the vicinity of disposal 

sites for solid waste, hazardous waste, or sewerage sludge, and is not suitable for a drinking 

water supply without treatment. This site is located within an area that has been highly urbanized 

since the 1950s; much of the site is fill, and is within 200 feet of the ocean. Groundwater at the 

site is tidally influenced, which further precludes it from possible use as a drinking water supply. 

1.3.4 Marine Hydrographies 

A hydrographic survey was performed by the University of Rhode Island in 1995 to measure 

current velocity and water column profiling of conductivity, temperature, and depth to determine 

patterns of water circulation within the study area. This study evaluated the area during several 

different wind and tidal pattern cycles, but did not account for seasonal variation of wind patterns 

and effect of winter storms. The complete results are reported in the Ecological Risk Assessment 

for Derecktor Shipyard Coddington Cove, Appendix 02 (July 1996). 

W5298195F l-13 CTO 302 



The hydrographic surveys showed that the characteristic flow pattern occurs as a net 

counter-clockwise circulation within the interior of Coddington Cove. On average, maximum 

bottom velocities were found to be highest at the mouth of the cove and decreased in a 

counterclockwise manner following a general circulation pattern around the cove. Flow was such 

that, in general, the water column appeared well mixed vertically. High bottom velocities 

extending into the southeastern section of the cove were expected to prevent deposition of 

silt-sized particles, while the interior sections of the region between the piers and the northeastern 

region were generally sluggish and expected to be depositional zones (except nearshore and/or 

shallow areas that may be strongly affected by wave energy or propeller wash). 

This study did not account for the localized disturbance of sediments from ship activity at the 

piers and bulkheads. It is recognized that propeller wash from ships maneuvering to and from the 

piers will disturb sediments in and around these areas, and that some of the sediments could 

become resuspended during such activity. Later data assessments described in Section 2 of this 

report have been performed to identify expected areas of high energy and low energy, based on 

anticipated high traffic areas and on projected future use of the property. High energy areas are 

those areas of the cove where there is a possibility for deposited sediment to be resuspended 

either through natural wave action or shipping traffic. These include areas along the piers and 

bulkheads at the waterfront. 

1.3.5 Geophysics and Bathymetry of Coddington Cove 

Side-scan sonar, sub-bottom profiling sonar, and sediment vibracore surveys were undertaken to 

determine the characteristics of both surface and underlying sediments within the Derecktor 

ShipyardKoddington Cove study area; this combination of techniques provides more complete 

information than surface and core samples alone. The complete results are reported in the 

Ecological Risk Assessment for Derecktor Shipyard Coddington Cove, Appendix D-l (July 1996). 

The results indicated that sediments in the Derecktor ShipyardKoddington Cove study area were 

predominantly fine-grained at some stations (less than 40 percent sand content) and 

predominantly sandy (sand greater than 70 percent) at others. Surface sediments in Coddington 

Cove tended to be finer-grained (contained more silt and clay) than underlying sandy sediments, 

probably due to the significantly decreased bottom energy and increased likelihood of fine-grained 

sediment deposition resulting from construction of the Coddington Cove breakwater in 1957. A 
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“sub-bottom reflector”, which is a second reflection of the sonar pulse reflected off something 

below the surface of the sediment, was observed in some of the geophysical profiles, These 

second reflectors may delineate different lithologic units. In other locations, no strong sub-bottom 

reflectors were observed, indicating a likely uniform lithology vertically. 

Figure 1-4 summarizes of the grain size characteristics of Coddington Cove surface sediments 

inferred from the geotechnical and geophysical investigations performed at the site. 

To attempt to locate any significant deposits of sandblast grit, a limited investigation fOCuSed on 

the pier areas, using vibracore techniques to determine sediment characteristics at depth. The 

analysis of these cores was performed by URI and is presented in Appendix Dl of the ERA report. 

Locations of the vibracore stations are presented on Figure l-4. 

While some possible sandblast material was noted in some of the coves, no large deposits of this 

material were found during this investigation program. However, due to the observed presence of 

minor amounts of sandblast grit observed by the field crew, samples from V-4 and V-9 were 

analyzed by a laboratory. Petroleum odors were noted in cores collected at V-5 (top of the core), 

V-l 0, and V-l 3 (middle-bottom of the 1 O-foot core run). Results from laboratory analysis of 

sediments are discussed in Section 1.4. 

The evaluation of the cores confirmed the findings of the geophysical investigation. From 10 foot 

penetrations, there was high sand content and a lower silt content north of (V-1) and between the 

piers (V-21. Southwest of Pier 1 (V-3 and V-121, there was a higher silt content, as well as at 

V- 10, 1 1, 13 and 14, which were placed along both sides of Pier 1. 

1.3.6 Surface Drainage At Derecktor Shipyard 

As a part of the SASE, the surface drainage systems at the site were investigated in detail. A 

complete description of the findings are presented in Section 4.2,1 of the SASE report. 

To summarize, forty five catch basins were inspected at the site. Four were found to be blocked 

or filled with debris, and these were cleaned with a vactor for purposes of inspection. All catch 

basins were found to have consolidated bottoms of poured concrete or brick. In general, catch 

basins were not observed to be contaminated with oils or other contaminants. Primary storm 
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drain lines were inspected with robotic video cameras, and were found to be of concrete piping in 

good condition. 

Two primary avenues of storm water drainage were found. One collects water from the North 

end of Building 6 area and Huts 1 and 2, as well as the north side of Building 42 and discharges it 

at outfall no. 3B (Figure I-3A). The second collects water from the south end of Building 6 area, 

from building 234 and from the area around the steam plant and discharges it at outfall no. 9B 

(Figure l-3B). Other outfalls were found to be discharging water from smaller individual areas, 

including roof drains and scuppers at the sheet piling wall. A complete set of storm drain maps is 

provided in the SASE report. 

The material removed from the catchbasins was combined with other waste material collected 

from Building 234 investigations. Samples of this composite material were analyzed for disposal 

parameters. The results from this analysis is presented below: 

Analyte Detected Concentration 

Benzene 0.04 mg/l 

TCLP Barium 1 .OO mg/l 

TCLP Cadmium 0.10 mg/l 

Total Beryllium 0.3 mg/kg 

Total Cadmium 7.4 mglkg 

Total Chromium 86.0 mg/kg 

Total Copper 220.0 mg/kg 

Total Lead 190.0 mg/kg 

Total Nickel 53.0 mglkg 

Total Thallium 50.0 mgkg 

Total Zinc 

PCBs (Arochlor 1254) 

1300.0 mg/kg 

1.3 mg/kg 
I I L 

1.4 NATURE AND EXTENT OF CONTAMINATION 

The findings of the investigations are presented in recent documents prepared for the Navy, 

including the SASE and the marine ERA. This section summarizes the results of the studies 
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pertinent to the media of concern for this FS: marine sediment and biota, soil, and grou,ndwater. 

Data tables are presented in Appendix A. 

Marine Sediment 

Sediment samples were collected as a part of the marine ecological risk assessment for this site. 

Surface sediment samples were collected from the O-18 cm interval, and core sediments were 

collected from selected locations and depths, within 1 meter of the surface. In addition, elutriate 

was prepared from sediment and seawater collected at selected locations to evaluate 

contaminants in resuspended sediment. Elutriate samples are prepared using a 4:l dilution of 

water to sediment. This test is typically used to determine toxicity during ocean disposal of 

dredge material, and is considered highly conservative for determining toxicity to receptors from 

sediments resuspended from the bottom. Sample stations and media collected are deplicted on 

Figure 1-5. The following paragraphs describe the chemical constituents found in these sediment 

samples collected during this investigation. 

Measurements of bulk sediment concentrations of nine metals was performed at 15 Coddington 

Cove stations and two reference locations as a part of the marine ecological risk assessment. 

These measurements were made as a means of assessing the degree of sediment contamination 

by trace metals and the potential availability/toxicity of the metals to biota. Ranges of 

concentrations (mg/kg dry wt.) observed at the site were as follows: arsenic - 3.0 ‘to 12.5; 

cadmium - 0. l-l -5; chromium - 24-l 12; copper - 1.5 to 180; lead - 13 to 193; mercury - 

0.02-I .l; nickel - 5-78; silver - 0.2-l .8; and zinc - 28-547. 

Samples were also analyzed for metals from the subsurface stations Wibracore locations) that 

were suspected to contain sandblast grit. Samples from stations V-4 and V-9 (Figure I-4) were 

analyzed, but only copper was found to be elevated (168 mg/kg at V-4 and 180 mg/kg at V-9). 

V-9 was located within 3 meters of surface sediment station 27. V-4 was located within 

3 meters of surface sediment station 28. 

Three additional approaches to evaluate metals included: 1) aluminum normalization, 2) the 

relative concentrations of acid-volatile sulfides (AVS) and simultaneously-extracted metals (SEM), 

and 3) measurement of contaminant concentrations in sediment elutriates. In general, the 

aluminum-normalized values for all measured anthropogenic trace metals (arsenic, cadmium, 

chromium, copper, lead, mercury, nickel, silver, and zinc) demonstrated a decreasing trenal moving 
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offshore from Derecktor Shipyard/ Coddington Cove. This pattern suggested that the shipyard is a 

point source for these metals. 

The SEM/AVS ratio is a method of assessing divalent metal bioavailability. Due to seasonal 

variations in AVS (minimum values in winter), SEM/AVS values greater than 0.5 were assumed to 

be bioavailable and potentially toxic to biota. This can be considered a conservative assumption, 

as a value of 1 .O is many times used as a benchmark. The results showed that metals were likely 

to be bioavailable (ratio greater than 0.5) at only three stations in Coddington Cove (Stations 33, 

35, and 37), as well as at the Jamestown Potter Cove reference Station JPC-2. The remaining 14 

Coddington Cove stations and reference station JPC-1 had low SEM/AVS ratios and relatively 

abundant AVS, indicating that metals are likely to be sequestered in insoluble sulfides and 

therefore are not bioavailable within most of the study area under present reduced oxygen 

conditions. 

Metals detected in surface sediment elutriates were compared to marine ambient water quality 

criteria (AWQC). This comparison showed that the EPA salt water chronic criterion for arsenic 

was exceeded at Coddington Cove stations DSY-36 and DSY-38, and the chronic criterion for lead 

was equaled or exceeded at all stations analyzed except for station DSY-36. On addition, the salt 

water acute criterion for arsenic was exceeded at station DSY-39. The salt water chronic 

criterion for copper was exceeded at DSY-31. 

Concentrations of organic contaminants at some subtidal stations in the Coddington Cove study 

area were found to exceed NOAA Effects Range-Low (ER-L) or Effects Range-Medium (ER-M) 

guidelines, indicating potential adverse impacts. Concentrations of total PCBs at all stations 

except DSY-35 and DSY-41 exceeded the ER-L benchmark value, while total PCB concentrations 

at stations DSY-27, DSY-29, DSY-30, DSY-31, and DSY-32 exceeded the ER-M benchmark value 

of 180 ug/kg. 

Concentrations of total PAHs exceeded the ER-L benchmark of 4,022 ug/kg at approximately half 

of the Derecktor ShipyardKoddington Cove stations, and the concentration of 46,400 IJg/kg at 

station DSY-29 (field duplicate sample) exceeded the ER-M value. Concentrations of tributyltin 

(TBT) exceeded 5 ug Sn/kg, a level considered indicative of a degraded ecological condition, at six 

stations (DSY-27, DSY-28, DSY-29, DSY-30, DSY-31, and DSY-36). 
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TBT values ranged from non-detected (less than I ug Sn/kg) to 228 ug Sri/kg at station DSY-31. 

Concentrations of the pesticide p,p’-DDE exceeded the ER-L benchmark value of 2.2 uglkg at five 

stations; overall values ranged from 0.1 ug/kg at stations DSY-35 and DSY-41 to. slightly less than 

7.0 ug/kg at stations DSY-27 and DSY-29 (including the field duplicate sample). 

Samples from the subsurface stations (Vibracore locations) that were suspected to contain 

sandblast grit were also analyzed for organics. Samples from stations V-4 and V-9 (Figlure l-4) 

were analyzed, but only PAHs were found to be elevated, and concentrations decreased with 

depth. This correlates with the high PAH concentrations detected in surface sediment at 

stations 27, which is co-located with V-9. It should be noted that the core run at V-9 was 

O-4 feet below top of sediment. This was the third attempt for a core at this location, and refusal 

at 4 feet below sediment surface indicates a hard-pan layer below this depth. 

Petroleum odors were noted in cores collected at V-5 (top of the core), V-IO, and V-13 (middle- 

bottom of the IO-foot core run). The top of the core at V-5 was not analyzed for organic 

contaminants because V-5 is co-located with surface station 30, which already indicated the 

presence of elevated levels of PAHs. The subsurface core samples were not analyzed for organic 

contaminants because samples at this depth would not be available for exposure to ecological 

receptors, which was the other focus of the study at the time. 

Organic carbon-normalized concentrations of organic contaminants followed a similar trencl as that 

for direct sediment concentration measurements. One exception was at station DSY-40, which 

had elevated ratios of all contaminants due to a combination of moderate contaminant levels and 

low organic carbon concentrations. 

The mixtures of individual PCB congeners and PAH analytes in sediments in the Coddington Cove 

study area suggest certain substances as the main contributors of the contamination. The major 

PCB congeners were the 3- to 6-chlorine compounds (congeners 66, 101, 118, 153, and 1381, 

which probably derived from Aroclor 1254, the major Aroclor formulation found in Narragansett 

Bay surface sediments. Major sources of PCBs to Narragansett Bay include rivers, combined 

sewer overflows/sewage discharges, and atmospheric deposition. 

In general, it is presumed that the presence of these Aroclors in Coddington Cove sediments are 

also likely to be a result of past industrial and shipping activities which included storage and 
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transfer of PCB transformers. However, the PCB composition at Coddington Cove station DSY-29 

FD was different from that at the other stations, with congener 209 (decachlorobiphenyl) 

accounting for approximately 60 percent of the total congeners measured in the sample. 

Congener 206 was present in relatively large concentrations. This unique distribution of 

congeners is presumed to be indicative of the presence of a rare compound known in the chemical 

industry as “Deka”. This compound is used as an ingredient in investment casting wax, and also 

may be the result of past activities at Derecktor Shipyard. 

Concentrations of four- and five-ring pyrogenic PAH compounds (fluoranthene, pyrene, and 

benzo(b,j,k)fluoranthene) were consistently the highest PAH concentrations observed at stations in 

the Derecktor ShipyardKoddington Cove study area. Sources of these compounds include 

combustion products used in motor oil, atmospheric deposition, creosote/coal tar and asphalt from 

local activities, terrestrial runoff, and sewage effluent and overflows. There was no evidence of 

fresh (unweathered) fuel oil in any of the samples, as indicated by qualitative measurements of 

total petroleum hydrocarbons. 

Analyses of elutriate samples showed the presence of PCBs, PAHs, and small amounts of 

p,p’-DDE. Elutriate from Station DSY-25 had the highest concentration of both total PAHs and 

total PCBs; in addition, several other stations showed elevated levels of one or both contalminants 

relative to reference station values (stations DSY-27, DSY-29, DSY-31 for PCBS; IDSY-25, 

DSY-27, DSY-29, DSY-32, DSY-33, and DSY-40 for PAHs). Additionally, eight of the elutriate 

samples exceeded the EPA marine chronic criterion (30 rig/L)) for total PCBs, including Jamestown 

Potter Cove reference station JPC-1 . 

1.4.2 Marine Biota Tissue 

Marine biota samples were collected as a part of the ecological risk assessment. Samples were 

collected from local populations of indigenous blue mussels, hard clams, lobster, ancl finfish 

(mummichog and cunner). In addition, blue mussels collected from an unaffected area were 

deployed in the water (suspended off the bottom) at selected stations to test for contaminant 

loading from exposure to the water column. Samples were collected from selected stations as 

depicted on Figure 1-4. The following paragraphs describe the highlights of the chemical analyses 

of these samples. 
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Indigenous blue mussels from the Derecktor ShipyardKoddington Cove study area and the 

reference stations at Jamestown Potter Cove and Castle Hill Cove were analyzed for trace metal 

contaminants. Indigenous mussel tissue concentrations of cadmium, mercury, chromium, lead, 

and nickel at Coddington Cove stations were comparable to reference values and did nolt exhibit 

any distinct spatial patterns. Tissue concentrations of copper, silver, and arsenic exceeded 

reference levels at only a few stations in the study area, while zinc tissue concentratiolns were 

highest and exceeded the reference levels at Stations DSY-25, DSY-27, DSY-28, DSY-35, and 

DSY-40. 

Blue mussels from unaffected areas were deployed for approximately 30 days along a transect 

extending from the shoreline to the mouth of Coddington Cove, as well as at the two reference 

stations JPC-1 and CHC-1. Following the deployment period, tissue concentrations of arsenic, 

cadmium, copper, silver, and mercury in these deployed mussels were either lower than or 

comparable to mussels not deployed (“time-zero”) mussels, while tissue concentrations of lead, 

nickel, and chromium concentrations were comparable to reference values. However, zinc 

concentrations exceeded both reference and time zero values at most stations, implying that 

shellfish might be loading zinc from the water column. 

Tissue concentrations of arsenic, cadmium, copper, silver, mercury, lead, nickel, chromium, and 

zinc in the hard clams Mercenaria mercenaria and Pitarmorrhuana collected from the Derecktor 

ShipyardKoddington Cove study area were, in general, comparable to or only slightly higher than 

those from the reference stations. Metal concentrations in the muscle tissue of American lobsters 

and fish (cunner and mummichog) from the, Derecktor ShipyardKoddington Cove study area 

similarly were mostly comparable to or only slightly higher than those from reference stations. 

Tissue concentrations of organic contaminants were analyzed in both indigenous and cleployed 

(30-day deployment period) blue mussels. Generally, levels of organic contaminants; in the 

reference station samples were lower than in the study area samples. The highest tissue levels of 

organic contaminants in deployed mussels were generally observed at stations DSY-26 through 

DSY-33 and stations DSY-38 through DSY-40. Indigenous mussels showed high values relative to 

reference station values at a number of stations, including stations DSY-26, DSY-27, DSY-28, 

DSY-35, DSY-36, and DSY-40. 
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Tissue concentrations of PCBS, PAHs, and TBT in hard clams from the reference site at 

Jamestown Potter Cove were generally lower than tissue concentrations in samples from the 

Derecktor ShipyardKoddington Cove study area. The highest concentrations of organic 

contaminants in hard clams were observed at stations DSY-31, DSY-32, DSY-36, and DSY-41. 

Concentrations of organic contaminants in the muscle tissue of both fish and lobsters from the 

study area generally were in the same range as those from the reference stations. TBT was not 

detected in any of the lobster muscle tissue samples. 

1.4.3 Groundwater 

Samples were collected during the SASE from 13 on-site wells using low-flow, lovv-stress, 

groundwater sample collection methods, using submersible pumps. Analytical results of these 

samples are described below. Locations of monitoring wells are presented on Figure l-3. 

Two chlorinated solvents were detected in the groundwater at the site. These compounds (1,2- 

dichloroethene and trichloroethene) were detected in the groundwater in the North Waterfront 

(maximum concentration of 33 ug/l) and Central Shipyard areas (maximum concentration of 

13 ug/l). In addition, 1,2-dichloroethene was detected at 180 ug/l in the sample collected from 

MW104, upgradient of the site, but downgradient of the steam plant (Building 7) (south of 

Building 6). Vinyl chloride was also detected in this sample at a concentration of 100 ug/I. This 

distribution of contaminants is indicative of decay of chlorinated solvents. 

No semivolatile organic compounds were detected in groundwater. A trace concentration of 

monobutyltin was detected in water collected from MWOI, upgradient of the site. No PCBs or 

pesticides were detected in groundwater samples collected. 

Metals concentrations detected in site groundwater were generally comparable to upgradient 

samples, with several exceptions. Manganese was elevated in MW02 (230 mg/l), locateid at the 

North Waterfront. Aluminum and arsenic were slightly elevated in MW03 (also located at the 

North Waterfront) and in the field duplicate collected at that station. Iron and manganese were 

elevated in the groundwater collected from MW05, the only bedrock well sampled during this 

study. Aluminum, arsenic, iron, and manganese were all elevated in samples collected from 

MW07, MW08, and MW09. Numerous metals in MW104 were elevated somewhat, which could 
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be attributed to impacts to the soils and groundwater from remedial actions in progress at this 

area. 

Concentrations of chemical constituents detected in groundwater were compared to RIDEM 

objectives for groundwater designated as GA (RIDEM 8/96). Trichloroethene (MW3, 32 ug/l and 

MW12, 16 ug/l) was the only contaminant with concentrations that exceeded these criteria. The 

reader should note that this comparison was made only for qualitative purposes, since the criteria 

are for GA groundwater, and the site is located within a GB designated area. No GB criteria were 

exceeded. 

1.4.4 Soil 

The information presented in this section is condensed from the SASE report (B&R Envirommental, 

1997). The investigation separated the site into four distinct areas, North Waterfront, Central 

Shipyard Area, Building 234 Area, and South Waterfront. The following descriptions are specific 

to these four areas. 

North Waterfront 

Traces of benzene, chlorobenzene, and trichloroethene (TCE) were detected in the surface soils at 

TP16. Traces of xylenes were detected in surface soils from TP23 and TP24. In the subsurface 

soil samples, TCE was detected in TP23 (9 to 10 feet bgs), MW03 (8 to 10 feet bgs), and MWl 1 

(27 to 31 feet bgs). TCE concentrations detected were all below 5 uglkg. 

Semivolatile organic compounds detected in this area include bis(2-ethylhexybphthalate (which 

was detected in numerous surface soil samples) (maximum concentration 110 ug/kg), and various 

PAH compounds. PAH concentrations were elevated in surface soils at TP-28, a location that is 

upgradient of the active areas of the site, in a former parking lot. This test pit was excavated at 

the request of RIDEM to acquire screening samples for locating a contaminant plume expected to 

be migrating onto the site. TPH was also detected in this sample, at a concentration of 103 

mgikg. 

Total Petroleum hydrocarbons were detected in surface soils at TPI 6 (4,900 mg/kg); TP18 (I 15 

mg/kg); TP19 (310 mg/kg); TP20 (200 mg/kg); TP23 (290 mg/kg); and TP27 (61 mg/kg). -WI-I 
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was detected in subsurface soils at MW04 (89 mg/kg, 16 to 18 feet bgs) and at TP16 (1200 

mg/kg, 11 to 12 feet bgs). 

Butyltin compounds were detected in surface soils at TP16, TP18, TP22, TP23, and TP24. 

Concentrations were highest in samples collected at TP16 (total of 96 ug/kg); other Ilocations 

were below 36 ug/kg (total). Traces of butyltins were also found in subsurface soil samples 

collected from TP16, MW02, MW03, MWI 1, and MW12. 

One PCB compound was detected in the surface soil (Aroclor 1260, detected at 24J uglkg from 

TP16). No PCBs were detected in the subsurface soils in the North Waterfront. Several pesticide 

compounds were detected in the surface and subsurface soils, but these compounds did not 

exhibit any particular pattern, indicating surficial discharge or overall contamination of the area. 

Metals concentrations detected in the surface soils in this area were comparable with those metal 

concentrations detected in upgradient samples. However, at TP 16, almost all the metals were 

elevated slightly. In addition, TCLP analysis of this sample showed leaching of lead (71.8 mg/l 

detected in the leachate). Concentrations of metals detected in the subsurface soils were 

generally within the same order of magnitude as the concentrations of those metals in the 

upgradient samples. TCLP analysis of subsurface soils detected slightly elevated concentrations 

of lead, silver, selenium, and chromium at MW04, at a depth of 32 to 34 feet bgs. 

Central Shipyard Area 

Carbon disulfide was the only VOC detected in subsurface soils. No VOCs were detected in 

surface soil samples collected. 

Semivolatile organic compounds detected in this area include bis(2-ethylhexyllphthalate and 

various PAH compounds. PAH concentrations were elevated in surface soils at TP15 (inside an 

enclosure for a set of above-ground storage tanks), TP17 (to the south of Huts 1 and 2., which 

were historically used as a vehicle maintenance shop), and MW06 (located downgradient of the 

former pipe shop in the northeast corner of Building 6 and also downgradient of a railway drainage 

ditch). PAH compounds were detected in subsurface soils from MW07. 
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In addition, moderate concentrations of phenolic compounds were detected in the surfacfe soils in 

TP17, installed to the south of the huts. 

Total petroleum hydrocarbons were detected in surface soils at MW06 (72 mg/kg); TP12 (2000J 

mg/kg); TP14 (1700 mg/kg); TPI 5 (68 mg/kg); and TP17 (170 mg/kg). TPH was detected in 

subsurface soils at TP25 (150 mg/kg, IO to 11 feet bgs); MW05 (4100 mg/kg, IO to 12 feet bgs); 

MW06 (83 mg/kg, 4 to 6 feet bgs); and MW07 (160 mg/kg, 8 to 10 feet bgs). 

Butyltin compounds were detected in surface soils at TP15 (less than 20 ug/kg). Butyltin 

compounds were also found in subsurface soil samples collected from TP13 (15.8 ug/kg) and 

MW05 (4.9J ug/kg). 

One PCB compound was detected in the surface soil in the Central Shipyard Area. Aroclor 1260 

was detected at a high concentration of 71,000 ug/kg in the surface soil collected at TP14 and 

32J ug/kg at TP15. One of four sources may have caused the PCB detection at TP14. The test 

pit was installed in an area downgradient of a railway drainage ditch, the former pipe shop located 

in the northeast corner of Building 6 (former location of PCB transformer storage), and the former 

transformer station (to the northwest). 

Pesticides were detected at several locations. Most notable were high concentrations of 

pesticides in the surface soils at TP14. High concentrations of DDD, DDE, and DDT were detected 

in subsurface soils at MW07 (16 to 18 feet bgs). 

Metals concentrations detected in the surface soils in this area were comparable with those metal 

concentrations detected in upgradient samples. 

Building 234 Area 

Traces of two volatile organic compounds (toluene and xylene) were detected in the surface soils 

at TP07 and 08, and MW08, indicating the possibility of minor fuel releases in these areas. In 

addition, xylene and ethylbenzene were detected in soils 3 to 5 feet bgs at TP26, excavated at the 

northeast corner of former Building 234, in an are.a of a former underground storage tank (UST) 

noted in the PA report. Finally, traces of chlorinated solvents (1,2-dichloroethene, and TCE, 
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detected at a maximum concentration of 3 ug/kg) were detected in subsurface soils collected 

from MW08 and MW09. 

Semivolatile organic compounds detected in this area include bis(2-ethylhexyl)phthalate and 

various PAH compounds. The phthalate compound was detected at high concentrations in the 

surface soil at TP07 (8,700 ug/kg). Concentrations of bis(2-ethylhexyl)phthalate were detected at 

22,000 ug/kg at a depth of 9 to 10 feet bgs (TP08). 

PAH compounds were detected in most of the surface soil samples collected. Concentrations 

were slightly elevated at TPIO (northeast and upgradient of former Building 234), and MW09 (in 

an area of suspected discharge, to the south of the former building). PAH compounds were 

detected in subsurface soils from TP08 (near MW09 and the former suspected discharge area), 

TP26 (in the area of the former UST to the north of the former building), and MW09 (in the former 

suspected discharge area). The highest concentrations detected were in the former location of 

the UST. Furthermore, during excavation of this test pit, old piping was found, which had 

probably not been removed with the UST due to its proximity to the building foundation. 

Total petroleum hydrocarbons were detected in surface soils at TPlO (61 mg/kg); TP26 (320 

mg/kg); MW08 (270 mg/kg); and MW09 (77 mg/kg). TPH was detected in subsurface soils at 

TP26 (2200 mg/kg, 3 to 5 feet bgs); MW08 (490 mg/kg, 8 to 10 feet bgs); and MW09 (54 mg/kg, 

IO to 12 feet bgs). 

Butyltin compounds were detected in surface soils at TP09 (total of 13J ug/kg) and MW08 

(6.9J ug/kg). Butyltin compounds were also found in one subsurface soil sample, collect:ed from 

TP08 (2.9J ug/kg, at 9 to 10 feet bgs). 

PCB compounds were detected in two surface soil samples at the Building 234 Area. Aroclor 

1260 was detected at 24J ug/kg in the surface soil collected at TPIO. Aroclor 1254 was 

detected at 38J ug/kg in the surface soil collected from MW08. Several pesticide compounds 

were detected in the surface and subsurface soils, but these compounds did not exhibit any 

particular pattern indicating surficial discharge or an overall contamination situation. 

Metals concentrations detected in the surface soils in this area were generally comparable to 

upgradient samples, with two exceptions: lead and zinc were slightly elevated in soils collected 
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from TP08 and TPlO. Secondly, copper, lead, nickel, and zinc were all elevated in the surface 

sample collected from MW08. 

South Waterfront 

No volatile organic compounds were detected in surface and subsurface soils. 

PAH compounds were detected in most of the surface soil samples collected. Concentrations 

were slightly elevated in the surface soils at TP06 (north end of the South Waterfront). PAH 

compounds were detected in subsurface soils from TPOI (traces detected only), TP04, and TP05 

(concentrations similar to those found in other parts of the site). 

Total petroleum hydrocarbons were detected in surface soils at TP03 (94 mg/kg), TP04 (110 

mg/kg), and TP06 (1 10 mg/kg). TPH was detected in subsurface soils at TPOI (72 mg/kg, 11 to 

12 feet bgs), and TP03 (540 mg/kg, 6 to 8 feet bgs). These low concentrations of TPH could be 

attributed to particles of asphalt debris, which were observed in some of these test pits. 

Trace concentrations of butyltin compounds were detected in surface soils at TP05 (2.4 ug/kg) 

and TP06 (total of 5.5 ug/kg). A trace of tetrabutyltin was also found in one subsurface soil 

sample, collected from TP05 (5.5 ug/kg, at 5 to 7 feet bgs). 

One PCB compound was detected in two surface soil samples: Aroclor 1260 was detected at 25J 

ug/kg in the surface soil collected at TP04, and at 15J ug/kg in the surface soil collected at TP06. 

Several pesticide compounds were detected in soils from TP05 and TP06, but these compounds 

did not exhibit any particular pattern indicating surficial discharge or an overall contamination 

situation. 

Metals concentrations detected in subsurface soils in this area were generally comparable to 

upgradient samples. However, surface soils showed zinc concentrations to be elevated. Lead 

was slightly elevated, but within the same order of magnitude as upgradient samples at all 

locations except one: lead was detected at TP04 at 119J mg/kg. TCLP analysis did not indicate 

a particularly high potential for leachability of these metals from the soils. 
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1.5 HUMAN HEALTH RISK ASSESSMENT 

This section summarizes of the results of the human health risk assessment. A marine human 

health risk assessment was performed for the off-shore areas that addressed potential human 

exposures to marine sediment and biota near the site (B&R Environmental, June 1998). A 

preliminary risk assessment was performed and published as a part of the SASE report (B&R 

Environmental, June 1997) to determine the potential for cancer and non-cancer risk in the on- 

shore portions of the site. 

These assessments considered current and anticipated future use of the site through development 

of exposure scenarios for residential, worker, and trespasser activities leading these persons to 

contact contaminated media. The exposure scenarios considered for the marine risk assessment 

included trespassing along the shoreline for swimming and wading, and current and future use of 

the cove areas for shellfishing. The on-shore assessment included an evaluation of current and 

future workers and trespassers on shore, and future use of the on-shore portions as residential 

property. The risks calculated for each of these scenarios are described in this section. 

Risk From Exposure to Contaminants in the Marine Environment 

This section describes the risks calculated for exposure to shellfish and, to a limited degree, 

sediment in the marine environment near the former Derecktor Shipyard. The data used for this 

assessment were collected and validated as a part of the ecological risk assessment. 

Risks to humans were evaluated under several exposure scenarios: ingestion of shellfish by 

recreational fishermen (adults and children) and ingestion of shellfish by subsistence fishermen 

(adults). In addition, exposure to sediments by trespassing adults and children swimming and 

wading was evaluated in a more qualitative manner. The term shellfish includes harcl clams, 

mussels and lobster, which were sampled in 1995 and 1996. Samples were collected from 

stations depicted on Figure l-4. 

Sediment exposure was evaluated because RIDEM was concerned about the possibility of 

trespassers using the beach area to the south of the site for swimming, wading, and shellfishing. 

To address this, the HHRA selected a single sediment sample between the site and the beach 

(station 29, Figure I-41, and used the data from this station alone to estimate exposure to 

W5298195F l-30 CT0 302 



trespassers at this beach. This is a conservative approach, considering that surface sediments 

from station 29 had some of the highest concentrations of chemical constituents measured in the 

marine environment for this site, and considering that the sediment collected from station 35, on 

the south end of the beach area, had some of the lowest concentrations of chemical constituents 

measured in the area. By using only the sample with the high concentration, the exposure 

concentrations are not “diluted” through calculating means of concentrations. 

In general, cancer and non-cancer risks were highest for human exposure to lobster, because the 

contaminant concentrations were highest in that species. This fact adds a level of uncertainty to 

the findings, because lobster are known to migrate and those that are big enough to be collected 

may have been exposed to contaminants from other source areas. Unacceptable cancer and non- 

cancer risks were identified under the subsistence fisherman scenario; however, this may be an 

overestimate of actual risk because collection of other shellfish (bivalves) in an industrial port such 

as this one is less likely to occur than in other locations, primarily due to the depth of the water 

and amount of ship traffic in this area. 

Results of the marine human health risk assessment are summarized on Table l-l, and described 

below. 

Ingestion of Shellfish by Children (Recreational Fishermen): The calculated cancer risks to this 

receptor from shellfish ingestion were between 1.4E-5 and 1 .I E-5 for lobster, 5.1E-6 and 3.4E-6 

for clams, and 1 .OE-5 and 4.2E-6 for mussels. These estimates were all within the EPA target risk 

range of IE-4 to IE-6. Non-cancer risks was below 1 .O for all contaminants detected. The 

Hazard Index for the scenario (sum of all the contaminants) was also below 1.0 

Ingestion of Shellfish by Adult Recreational Fishermen: The calculated cancer risks to this 

receptor from shellfish ingestion were between 4.4E-5 and 3.4E-5 for lobster, 1.6E-5 and 1.1 E-5 

for clams, and 2.8E-5 and 1.3E-5 for mussels. These estimates were all within the EPA target risk 

range of lE-4 to IE-6. Non-cancer risks were below 1 .O for all contaminants detected. The 

Hazard Index for the scenario was also below 1 .O 

Ingestion of Shellfish by Adult Subsistence Fishermen: The calculated cancer risks to this receptor 

from shellfish ingestion were between 5.7E-4 and 4.4E-4 for lobster, 2.OE-4 and 1.4 E-4 for 

clams, and 3.3E-4 and 1.6 E-4 for mussels. Non-cancer risks were between 3.9 and 2.9 for 
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TABLE l-l 
SUMMARY OF CANCER RISKS AND HAZARD INDICES 

FORMER DERECKTOR SHIPYARD FEASIBILITY STUDY 
NSN - NEWPORT, RHODE ISLAND 

Child Adult Subsistence Trespasser 
Resident Resident Fisherman Child Adult 

Exposure Scenario RME 1 CTE RME 1 CTE RME 1 CTE RME 1 RME 
CANCER RISKS 
Ingestion of Hard Shell Clams 5.1 E-06 3.4E-06 1.6E-05 l.lE-05 2.OE-04 1.4E-04 NA NA 
Ingestion of Blue Mussels 1 .OE-05 4.2E-06 2.8E-05 1.3E-05 3.3E-04 1.6E-04 NA NA 
Ingestion of Lobster 1.4E-05 l.lE-05 4.4E-05 3.4E-05 5.7E-04 4.4E-04 NA NA 
Sediment Ingestion and Dermal Contact NA NA NA NA NA NA 9.9E-07 5.4E-07 
NONCANCER RISKS 
Ingestion of Hard Shell Clams 2.2E-01 1.4E-01 1.4E-01 8.9E-02 1.9E+OO 1.2E+OO NA NA 
Ingestion of Blue Mussels 4.OE-01 1.9E-01 2.6E-01 1.3E-01 3.3E+OO 1.6E+OO NA NA 
Ingestion of Lobster 4.6E-01 3.4E-01 3.OE-01 2.2E-01 3.9E+OO 2.9E+OO NA NA 
Sediment Ingestion and Dermal Contact NA NA NA NA NA NA 6.OE-02 6.6E-03 
Notes: 

Bold Text indicates significant risks (cancer risk > l.OOE-04 or non-cancer hazard index > 1.0) 

RME = Reasonable Maximum Exposure 

CTE = Central Tendency Exposure 



lobster, 3.3 and 1.6 for mussels, and 0.19 and 1.2 for clams. This is the only scenario under 

which risks exceeded EPA’s target risk range for carcinogens and exceeded a HI of 1 .O for non- 

carcinogens. 

Exposure to Sediments (incidental ingestion and dermal contact) by Trespassers: The cancer risks 

to this receptor from incidental ingestion and contact with sediments were calculated to be 9.9E-7 

for the child and 5.4 E-7 for the adult for all contaminants detected in the sample used for 

evaluation. The Hazard Index for the scenario was also below 1 .O (0.06 - child, 0.0066 - adult). 

The principal contaminant contributing to the calculated risks described above (both cancer and 

non-cancer) is arsenic. This is a highly conservative evaluation for arsenic because of the toxicity 

criteria used. The toxicity value used for arsenic is derived from an inorganic form of arsenic in 

drinking water called arsenic trioxide. It has been documented that 80 to 99 percent of arsenic in 

shellfish tissue is in the organic form, which is not toxic (USFDA, 1993). In addition, arsenic 

concentrations have been noted to be elevated in natural soils at Aquidneck Island due to the 

geologic formations and parent material of the soils. This indicates that arsenic may not be a 

contaminant specific to the industrial activities at the former Derecktor Shipyard. 

Secondary contaminants contributing to risk in the marine environment were PCBs and PAIHs, both 

of which can be attributed to the site activities. Non-cancer risks from PCBs and PAHs were 

below 1 .O for all scenarios. The subsistence fisherman had the highest possibility for PCB and 

PAH-related non-cancer risk (from PCBs in mussels - 0.86 and PAHs less than 0.01) as well as 

cancer risk (from PCBs - 1.55E-5, and PAHs - 1.6E-4 in mussels). These results indiicate an 

unacceptable risk to individuals ingesting shellfish from the study area at rates equal to or greater 

than 15.6 g/day as an annual consumption average. 

Finally, the risk is based on the conservative assumptions associated with the shellfish slcenarios 

themselves (particularly the ingestion rates). These criteria fall between the rates recommended by 

the EPA and the RIDEM. The ingestion rates used for this site are three (recreational fisherman: 

1.2 g/day) to 30 (subsistence fisherman: 15.6glday) times higher than those recommended by the 

EPA for the national average (0.5g/day), although the RIDEM recommends the use of ian even 

higher annual average rate of 20g/day for the Narragansett Bay area. The risk assessment 

conservatively assumes that all the shellfish ingested by these individuals is collected from this 

one site. While it is recognized that shellfishing by residents of Rhode Island coastal areas is well 
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above the national average, it is unlikely that shellfishing in such an industrial port ‘could be 

productive enough to encourage shellfish harvesting in the area to this intensity. Additionally, the 

study area is located in an area that is closed to collection of bivalves (clams and mussels), 

indicating that the lobster ingestion risks may be the most realistic exposure pathway. 

1.5.2 Risks From On-Shore Contaminants 

A Preliminary Human Health Risk Assessment was performed in 1997 as a part of the SASE for 

the on-shore portions of the Former Robert E. Derecktor Shipyard. Data used (surface soils, 

subsurface soils, and groundwater) were collected and validated as a part of the SASE study for 

the on-shore portions of the site performed in 1996. 

Risks were evaluated under current scenarios (worker and trespassers) and for future s.cenarios 

(industrial workers, excavation workers, trespassers, and residential use of the property). 

The results of this assessment indicated that elevated risks were primarily posed to the future 

residential receptor from arsenic in the surface soil, and from PCBs, which were found in one 

localized area on the eastern portion of the property. Noncancer risks were elevated through 

incidental ingestion and dermal contact of surface soil. Elevated risks were noted for the 

residential receptor and for the occupational worker within the Central Shipyard area primarily due 

to the concentrations of PCBs in soils. 

PCB-contaminated soils were targeted for hot-spot removal actions, which are underway in 1998. 

The reader should refer to removal action reports for Building 6 of the Former Derecktor !3hipyard 

for details of the removal of PCB-contaminated soils (refer to Section 1.8 of this report). It is 

assumed that removal of the PCB-contaminated soils will eliminate the risk from exposure to this 

contaminant. 

As stated earlier, arsenic is a naturally occurring element in Aquidneck Island formation soils, and 

is elevated above levels found in other Rhode Island soil types. Naturally occurring levels are being 

investigated further; the findings of these studies should be considered before establishing arsenic 

cleanup criteria at this site. 
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After removal actions are completed in the on-shore areas, a second Feasibility study report will 

be required for selection and evaluation of permanent remedial alternatives for these on-shore 

portions of the site. 

1.6 ECOLOGICAL RISK ASSESSMENT 

The marine ERA conducted by SAIC and URI, under contract to B&R Environmental, evalulated the 

ecological risks to the marine environment within Coddington Cove. It was presumed that 

contaminants in the sediments near the Derecktor site were present from activities formerly 

occurring at that site before and during the Derecktor Inc. lease. This section summairizes the 

methods and conclusions of the marine ERA. Detailed information on the methodology, results, 

and conclusions are presented in the (Final) Marine Ecological Assessment Report (SAIC/URI, 

June 1997). 

1.6.1 Summary of Investigation 

Data used to develop the marine ERA were collected between June and December I!395 and 

1996. Data were analyzed in 1995 and 1996 and reported through comment and response 

submittals for draft and draft final report versions. The final report was issued in June 1997. 

The marine ERA incorporated field investigations and modeling approaches to develop a line-of- 

evidence assessment of potential risks to a variety of receptor species and endpoints. 

Investigation activities included benthic, infaunal, and epifaunal surveys in Coddington Cove, 

sediment and biota chemical analysis, and toxicity testing. Additionally, studies describing benthic 

communities within Narragansett Bay were reviewed to provide background information for the 

assessment. The terrestrial component was evaluated as a part of the SASE report. 

The Marine Ecological Risk Assessment followed the guidance set forth in the Work:/Quality 

Assurance Project Plan for Narragansett Bay Ecorisk and Monitoring for Navy sites (URI G!SO and 

SAIC, 1994). The work/quality assurance project plan incorporated risk assessment processes set 

forth in the EPA Risk Assessment Guidance for Superfund, and EPA Region I guidance documents. 

The process involved risk assessment steps: problem formulation, site characterization, exposure 

assessment, ecological effects assessment, risk characterization, and uncertainty analysis,, These 

steps are discussed in this subsection. 
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PROBLEM FORMULATION 

Problem formulation involved determining the nature and extent of contamination of (off-shore 

(subtidal) media associated with Derecktor Shipyard sources. Specifically, this activity involved 

identifying contaminated media, identifying contaminants of concern (COCs), evaluating the 

spatial extent of contamination, identifying the ecological receptors potentially at risk from COCs, 

and identifying appropriate assessment and measurement endpoints. 

The analytical results identified the specific classes of compounds that are present at elevated 

concentrations in the marine sediments adjacent to Derecktor Shipyard. The list of COCs 

generated is conservative in that the screening procedure involved using maximum contaminant 

concentrations and conservative benchmark concentrations. Sediment samples were collected 

from stations indicated on Figure 1-4. A discussion of the results from the analysis of these 

samples is presented in Section 1.4. Indigenous blue mussels, hard clams (Mercenaria 

mercenaria), cunner fish (Tautogolabrus adpersus), and American lobster Womarus americanus), 

were also collected at a selected subset of stations (shown on Figure I-4) to allow 

characterization of long-term contaminant exposure effects. Results from these tissue residue 

samples are discussed in section 1.4. Blue mussels collected at an unaffected area were also 

deployed at selected locations to assess pelagic exposure pathways for contaminants and 

contaminant loading from water. 

SITE CHARACTERIZATION 

Side-scan sonar, sub-bottom profiling sonar, and sediment core surveys were undertaken to 

determine the characteristics of both surface and underlying sediments within the Derecktor 

ShipyardKoddington Cove study area; this combination of techniques provides more complete 

information than surface and core samples alone. In addition, hydrographic surveys were 

performed to measure current velocity and water column profiling of conductivity, temperature, 

and depth to determine patterns of water circulation within the study area. The results are 

described in Sections 1.3.4 and 1.3.5. 

Dissolved 

predicted 

oxygen was above 7 mg/L at the sampling stations. A water quality model NVASP5) 

that, in general, undesirably low dissolved oxygen levels should not occur throughout 
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most of Coddington Cove during the critical summer months and therefore do not pose a threat to 

indigenous biota. 

EXPOSURE ASSESSMENT 

Exposure assessments included evaluating the concentrations of COCs in environmental media in 

the exposure pathways from contaminant sources to ecological receptors. Several exposure 

pathways, which allow contaminant sources associated with historic activities at Derecktor 

Shipyard to impact biota, were identified. These include contaminant exposure to and 

bioaccumulation of contaminants from water, sediments, and pore water through partitioning 

across organism cell membranes, incidental contact, sediment ingestion by deposit-feeding 

invertebrates, and/or contaminated prey consumption. The exposure assessment addressed the 

spatial distribution and concentration of contaminants in bottom sediments and biological tissues, 

as well as the possible fate and transport mechanisms by which shipyard-associated COCs might 

reach receptors of concern. Receptors of concern for the site included bivalves, lobsters, the 

benthic community, fish, and avian aquatic predators. 

ECOLOGICAL EFFECTS ASSESSMENT 

The ecological effects assessment involved combining toxicological literature review, site-specific 

investigations of the status of receptor species, toxicity evaluations of exposure media, and 

modeling exercises to predict the occurrence of adverse ecological impact. Ecological effects 

were quantified by determining the relationships between exposure patterns and resulting 

responses of ecological systems. 

Site-specific evaluations of toxicity were conducted for bulk surface sediments using the IO-day 

amphipod (Ampelisca abdital mortality test. Sea urchin (Arbacia punctulatal fertilization and larval 

development tests were used for sediment elutriates (suspended sediment). Tissue residue 

effects (effects due to COCs in tissue of animals) was evaluated for fish, mussels, hard clams, 

and lobster. Toxicity reference values for avian predators were compared with concentrations 

detected in their prey species. In addition, field-based assessments were conducted including 

benthic community structure analyses, biota condition, neoplasia, and presence of fecal indicators. 
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Findings of these effects assessments are presented in Table 6.2-2 of the ecological risk 

assessment report. 

RISK CHARACTERIZATION 

Risk characterization is an integration of the results of the exposure and ecological1 effects 

assessments. The line of evidence approach used in the ERA involved analysis of COC 

concentrations versus observations of adverse effects, analysis of COC bioaccurnulation, 

comparisons of toxicity evaluations with observed ecological effects, comparisons of exposure 

point concentrations with established standards and criteria for off-shore media, comparisons of 

exposure point concentrations with published information regarding the toxicity of COCs, and 

qualitative comparisons of apparent adverse impacts with conditions at reference stations. The 

results of these analyses were summarized with information obtained during each study to 

characterize ecological risks associated with the Derecktor Shipyard. 

The marine ERA incorporated the assessment of the exposure and effects endpoints withiin a line- 

of-evidence framework. There were eight lines of evidence in the exposure assessment, which are 

described below. 

1. Sediment Hazard Quotient Adverse Exposure Ranking. The sediment HQs were high (2x 

ERM) at stations DSY-27, DSY-29, and DSY-31. None of the sediment HQs were assigned 

as intermediate (> ERM). The remaining low adverse exposure stations had multiple COCs 

exceeding the ER-L but none exceeding the ER-M. Finally, baseline adverse exposure were 

assigned to stations DSY-33, DSY-35, and DSY-41, and the two reference stations, since 

no more than one COC exceeded the ER-L benchmark. 

2. Elutriate Hazard Quotient (HO) Adverse Exposure Ranking. COC concentrations measured 

in sediment elutriate preparations suggested low overall probability of adverse exposure at 

all stations (concentration of COCs in supernatant > AWQC-Chronic, <AWQC-Acute). 

3. SEM Bioavailability Adverse Exposure Ranking. Measures of sediment acid volatile sulfides 

(AVS) and simultaneously extracted metals (SEMI suggested possible but low adverse 

exposure from bioavailable metals at stations DSY-27 through DSY-30 (high total SEMI 

and at stations DSY-33, DSY-35, DSY-37, and JPC-2. Intermediate or higher adverse 
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exposure due to divalent SEM metals was not generally evident for the Coddington Cove 

study area. 

4. Tissue Concentration Ratio Adverse Exposure Ranking. COC concentrations in target 

species compared to reference station concentrations suggest the highest probability of 

adverse exposure for shoreline stations DSY-25 through DSY-27, due to relatively high 

concentrations (ratio > = IO) of contaminants in indigenous mussels and intermediate 

concentrations in cunner, deployed mussels, and/or lobster. Intermediate exposure ranking 

was assigned to DSY-24, DSY-28, DSY-29, and DSY-36 (ratio> =3), and low exposure 

ranking was assigned to stations DSY-33 and DSY-35 (ratio> = 1). 

5. Tissue Residue Adverse Effects Rankings. The highest probability of effects from tissue 

COCs was observed at stations DSY-27 and DSY-29 due primarily to bioaccumulation of 

copper in lobster. Five stations were assigned intermediate probability for adverse effects 

(DSY-25, DSY-33, DSY-35, DSY-38, and DSY-39) while the remaining stations (DSY-24, 

DSY-26, DSY-28, DSY-31, DSY-32, DSY-34, DSY-36, DSY-37, DSY-40, and DSY-41) 

were evaluated as low probability of adverse effects overall. 

6. Laboratory Toxicity Adverse Effects Ranking. An overall intermediate adverse effects 

probability was assigned to Stations DSY-26, DSY-28, and DSY-29, while nine stations 

(stations DSY-25, DSY-31 through DSY-33, DSY-37 through DSY-39, and DSY-4.1) were 

given a low adverse effects ranking. Baseline was assigned to DSY-34 through DYS-36 

and DSY-40 and the two reference stations. 

7. Field Effects Ranking. The overall adverse effects ranking for field effects indicators 

(benthic community structure, bivalve condition, hematopoietic neoplasia, Cytochrome 

P450 activity, and fecal pollution indicators) suggested high potential for adverse effects 

at stations DSY-29 and DSY-40/41, and intermediate potential for adverse effects for 

stations DSY-25, DSY-26, and DSY-33, while low potential for adverse effects were 

observed for stations DSY-27, DSY-28, DSY-30, DSY-31, DSY-32, DSY-36, DSY-,38, and 

DSY-39. At the remaining stations, field effects indicators suggest no adverse effects to 

target species. 
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8. Avian Predator Effects Ranking. The food web modeling for avian aquatic predators 

assumed that the target bird species were feeding exclusively on the most contaminated 

of prey items available at a given station. Despite the conservative assumptions 

employed, high adverse effects were not apparent, and intermediate adverse effects were 

assigned to stations DSY-28, DSY-29, and DSY-36. The remaining stations were assigned 

to the low adverse effects category. 

The lines of evidence described above are based on the analysis of exposure and effects data, as 

represented by the endpoints discussed in the previous sections. The lines of evidence are then 

evaluated in combination to categorize the overall risk for each station. The following 

categorization of ecological risks was developed for the Derecktor Shipyard ERA: 

Baseline risk is defined as the probability of adverse exposure and/or ecological1 effects 

equivalent to that from contamination and other environmental conditions not associated 

with the site. 

A Low probability of ecological risks suggests possible, but minimal impacts based on 

some of the exposure or effects-based lines of evidence, while impacts are undetectable 

by the majority of exposure and effects-based lines of evidence. Conditions of low risk 

probability typically lack demonstrable exposure-response relationships. 

An Intermediate probability of ecological risk occurs for site conditions falling between high 

and low probabilities of risk. As such, the intermediate risk probability condition is 

typically characterized by multiple exposure or effects lines of evidence suggesting that 

measurable exposure or effects, but not both, are occurring at the site. Typically, 

quantitative exposure-response relationships are lacking. Intermediate risk probability may 

also be indicated if the spatial extent of apparent impact is highly localized (a single 

station), or if the impact occurs for periods of very limited duration. 

Conditions indicating High probability of ecological risk is assigned to areas where 

numerous lines of evidence suggest pronounced contaminant exposure and effects, the 

spatial extent of apparent impact is great, the impact is likely to be persistent over long 

periods of time, and the available data support demonstrable exposure-response 

relationships. 
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A single ranking strategy for synthesizing the lines of evidence was used to obtain the probability 

of adverse Exposure/Effect (E/E) line designation to evaluate the data in a manner consistent with 

the risk definitions discussed above. The findings of exposure and effects lines are evaluated 

jointly by evaluating strength of exposure-response relationships and overall probability of adverse 

ecological risks by sampling station. 

1.6.2 Findings of the Marine ERA 

A summary of environmental risk for the Derecktor ShipyardKoddington cove study area is 

presented in Table 1-2. The risks for each station are based on summaries of each) line of 

evidence, with special attention paid to concurrence between the two endpoint groups. This 

evaluation only addresses current conditions and levels of activity and does not address future 

land or harbor use. 

The conclusions from the ERA are presented below: 

l Stations DYS-27 and DYS-29 were determined to pose a high probability of risk to fish, 

shellfish, and seabirds from shipyard-related contaminants including PCBs, PAHs, tributyltin, 

copper, lead, and zinc. Plausible exposure-response relationships were observed for benthic 

community structure possibly affected by PAHs in sediment, and indigenous mussel condition 

possibly affected by PCBs in sediment. 

l Stations DSY-24, -25, -26, -28, -31, -33, -40, and -41, as well as the reference station 

CHC-1, were determined to pose an intermediate probability of risk to ecological receptors. 

Intermediate risk was assigned to these stations due to suggested but not quantifiable 

exposure response relationships. In general, the same receptors and COCs were observed at 

intermediate and high risk stations. However, in addition, elevated levels of PAHs were 

observed in mussels at stations DYS-25 and -26, north of the shipyard, and elevated triibutyltin 

was present in sediment at station DYS-31. Seabirds may be at risk from PCBs in fish at 

station DYS-28. A review of the station map presented as Figure 1-4 shows that these 

stations, in conjunction with the high risk probability stations described above, combine the 

data set for the areas near the shoreline and piers of Coddington Cove, with one exception, 

station DSY-35. 
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LINES OF EVIDENCE 

EXPOSURE EFFECTS 

Sediment Elutriate SEM and Tissue Rank9 Tissue Laboratory Field Avian Rank’ Overall Risk 
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Notes: 

6 
7 

8 

9 

10 

Sediment Hazard Quotient Risk Ranking: see Table 6.6-l. 
Elutriate Hazard Quotient Risk Ranking: see Table 6.6-l. 

SEM and AVS Risk Ranking: see Table 6.6-l. 
Tissue Concentration Ratios Risk Ranking: see Table 6.6-l. 

Tissue-based Risk Ranking: Based on Site vs. Reference Tissue Concentration Ratio (Table 6.6-l ), Tissue 
Screening Concentration (Table 6.6-2) and Critical Body Residues (Table 6.6-2). 

Laboratory Toxicity Risk Ranking: see Table 6.6-2. 
Field Effects Ranking: Based on results of Condition Index, Benthic Community Structure. Hematopoietic neoplasia, cytochrome P450, and fecal pollution 

indicators; see Table 6.6-2. 

Avian Predator effects ranking based on Toxicity Reference Value Hazard Quotients; see Table 6.6-2. 
Overall Exposure/Effects (E/E) Ranking: B = Baseline Risk; L = Low Risk Probability; I = Intermediate Risk Probability; H = High Risk Probability 

B = Low (+) E/E ranking observed for only one indicator or baseline E/E ranking observed for all indicators; 
L = Intermediate (+ +) E/E ranking observed for only one indicator or low (+) E/E ranking observed for two or more indicators; 
I = High (+ + +) E/E ranking observed for only one indicator or intermediate (+ +) E/E ranking observed for two or more indicators; 

H = Intermediate (+ +) or greater E/E ranking observed for two indicators including high (+ + +) E/E ranking observed for one indicator. 
Overall Risk Ranking (See also Section 6.6): Baseline = No greater than Baseline (8) ranking for E/E WOE summaries; 

Low = No greater than Low (S) ranking for E/E WOE summaries; Intermediate = No greater than intermediate (I) ranking for E/E WOE summaries, 0’ 
High (H) ranking for one WOE and no greater than Low (L) ranking for the other WOE summary; 

High = High (H) ranking for one WOE summary and Intermediate (I) or greater ranking for the other WOE summary. 

Source: SAIC and URI, May 1997: Ecological Risk Assessment - Derecktor ShipyardKoddington Cove. 



l Stations DYS-30, -32, -34, -35, -36, -37, -38, and -39, as well as the reference station JPC-1 

were determined to pose a low probability of risk to ecological receptors. Although data 

suggest possible adverse effects, COC concentrations were low, and definitive 

exposure-response relationships were not observed. These stations are outer harbor stations 

located away from the active areas. 

l Station JPC-2, a reference station at Jamestown Potter Cove, showed no evidence of adverse 

exposure or effects. These conditions were determined to be relatively pristine, and a 

“baseline” probability of risk was assigned. 

STILLWATER BASIN EVALUATION 

The so-called stillwater basin is a protected small-boat anchorage within Coddington Cove at 

Building 42. The basin is bounded to the North and partially to the west by a stone breakvvater, to 

the east by the sheet-piling wall at Building 42, and to the south by a pier leading to the former 

location of Building A-18 (figure I-3). 

The findings of the ERA regarding the still water basin were inconclusive: while it appeared that 

there were low concentrations of chemical contaminants present in the sediment, there appeared 

to be a lack of indigenous biota within the basin. The objectives of the Stillwater Basin Evaluation 

were to assess, and if possible, determine the cause of this apparent lack of indigenous biota in 

the still water basin near Building 42. The investigation objectives were achieved through a 

focused program of data collection that was based on previous investigation findings and site 

background information. 

This investigation attempted to determine what factor(s) may be influencing the apparent lack of 

indigenous biota in the still water basin. The study included the placement of synthetic media 

growth plates (artificial structures) suspended in the water column within and outside the still 

water basin which were to provide suitable habitat area for plant and animal colonization. In 

addition, samples of water from outfalls that discharge into the basin were analyzed to determine 

chemical content and other biological and physical parameters. Finally, the habitat quality of the 

substrate was evaluated through plan-view and sediment profile photography. Results from this 
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study were evaluated to determine if there are limiting factors within the basin that may be 

responsible for the biotic limitation. 

The findings of the evaluations indicated that the substrate (soft sand with low oxygen at depth) 

does not provide the optimum habitat for what some might look for in a subtidal benthic 

community. However, a so called “Stage 1” community does exist, living within the lirnitations 

that are present. Limitations include introduced bacteria from outfalls, and low oxygen in 

sediment at depth, restricted circulation of water, and a sandy bottom substrate that is, likely a 

result of the hydrodynamics. 

In addition, the nature of the subtidal environment was previously altered from the natural 

condition by dredging and construction of the pier structures and breakwater. A less than optimal 

community in an area altered in this way should be expected. 

The findings of the stillwater basin evaluation are presented in a separate report entitled 

“Stillwater Basin Evaluation Report, Former Robert E. Derecktor Shipyard, Tetra Tech NUS, Inc, 

December 1998. 

1.8 SUMMARY OF ON-SHORE REMOVAL ACTIONS 

On shore removal actions were implemented by the Navy to provide a short term action to reduce 

risk to potential receptors. Three removal actions have taken place at the site, including rubble 

removal from the south waterfront, removal of PCB-contaminated soils east of Building 6, and 

removal of soils containing paints and butyltin compounds under a sump at Building 42. 

These removal actions will be fully described and documented in a Removal Action Closure Report, 

which will be prepared after the actions are completed. Following the submittal of that closure 

report, an on-shore FS will be required. 
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2.0 DEVELOPMENT OF REMEDIATION OBJECTIVES 

This section presents the initial steps in developing remedial alternatives to address the human health 

and ecological concerns identified at the site and comply with all applicable regulations. The process 

includes: 

. Identifying applicable or relevant and appropriate requirements (ARARs) and other 

environmental criteria that must be considered in developing remedial action objectives (RAOs) 

(Section 2.1). 

. Developing media-specific RAOs that are protective of human health and the environment and 

comply with ARARs. RAOs may specify COCs, exposure pathways and receptors, and PRGs 

that identify potentially acceptable contaminant levels or ranges of levels for each exposure 

route (Section 2.2). 

. Developing initial estimates of areas or volumes of media that should be addressed by the 

remedial alternatives (Section 2.3). 

After these steps are completed, general response actions (GRAS) that will satisfy the site-specific 

RAOs can be formulated, and applicable technologies identified and evaluated. GRA development and 

technology identification, screening, and evaluation are presented in Section 3.0. 

2.1 ARARS AND TBCS 

ARARs, and standards and guidance to be considered (TBCs) are the regulatory and non-regulatory 

environmental criteria that must be considered while planning and implementing remedial actions. This 

section summarizes what constitutes ARARs and TBCs, and the various types of ARARs that must be 

considered in the FS. Section 5.0 identifies the potential ARARs and TBCs for each of the proposed 

remedial alternatives for the site and describes the actions that must be taken to comply with these 

requirements. 

ARARs are promulgated federal and state environmental and facility siting requirements that are 

determined to be legally applicable or relevant and appropriate to the hazardous substances, Iremedial 

actions, or other circumstances at a CERCLA site. 
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The two categories of requirements are defined below: 

Applicable Requirements - Section 300.5 of the NCP defines applicable requirements as “those 

cleanup standards, standards of control, and other substantive requirements, criteria, or 

limitations promulgated under federal environmental or state environmental or facility siting 

laws that specifically address a hazardous substance, pollutant, contaminant, remedial action, 

location, or other circumstance found at a CERCLA site.” 

Relevant and Appropriate Requirements - Section 300.5 of the NCP defines relevant and 

appropriate requirements as “those cleanup standards, standards of control, and other 

substantive requirements, criteria, or limitations promulgated under federal environmental or 

state environmental or facility siting laws that, while not ‘applicable’ to a hazardous substance, 

pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site, 

address problems or situations sufficiently similar to those encountered at the CERCLA site that 

their use is well suited to the particular site.” 

The NCP Section 300.430(E) states that on-site remedial actions at CERCLA sites must meet ARARs 

unless there are grounds for invoking a waiver. A waiver is required if ARARs cannot be achieved. 

TBCs are non-promulgated criteria, advisories, and guidance issued by the federal or state governments. 

Along with ARARs, TBCs may be used to develop the remedial action alternatives necessary to protect 

human health and the environment. 

ARARs and TBCs are further divided into three categories: chemical-specific, location-specific, and 

action-specific. These categories are briefly discussed in Sections 2.1.1 through 2.1.3. 

2.1.1 Chemical-Specific ARARs and TBCs 

Chemical-specific ARARs and TBCs are usually health- or risk-based numerical values or methodologies 

which, when applied to site-specific conditions, result in numerical values that establish the acceptable 

amount or concentration of a chemical that may be found in, or discharged to, the ambient 

environment. In general, chemical-specific requirements are set for a single chemical or a closely- 

related group of chemicals. These requirements do not consider the mixture of chemicals. Chemical- 
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specific ARARs and TBCs for the remedial alternatives under consideration are identified and 

discussed in Section 5.0. 

2.1.2 Location-Specific ARARs and TBCs 

Location-specific ARARs and TBCs are restrictions placed on the concentrations of hazardous 

substances or the conduct of activities solely because they are in specific areas. The general types of 

location-specific requirements that may be applied to the Derecktor Shipyard site include coastal zone, 

water resources, and floodplain regulations. Location-specific ARARs and TBCs for the remedial 

alternatives under consideration are identified and discussed in Section 5.0. 

2.1.3 Action-Specific ARARs and TBCs 

Action-specific ARARs and TBCs are usually technology- or activity-based requirements or limitations on 

actions taken with respect to managing hazardous substances, pollutants, or contaminants,. These 

requirements generally focus on actions taken to remediate, handle, treat, transport, or dispose of 

hazardous substances, pollutants, or contaminants. These action-specific requirements determine how 

a selected alternative must be implemented. Action-specific ARARs and TBCs for the remedial 

alternatives under consideration are identified and discussed in Section 5.0. 

2.2 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES (RAOs) 

RAOs consist of media-specific goals for protecting human health and the environment. Thle RAOs 

specify the media and COCs, exposure pathways and receptors, and acceptable contaminant level or 

range of levels for each exposure pathway. By specifying both an exposure pathway and target 

contaminant level(s), the RAOs permit development of a range of alternatives that may achieve 

protectiveness by reducing exposure to contaminated media or reducing contaminant concentrations. 

Sections 2.2.1 through 2.2.4 present the four major components of the RAO development iprocess: 

identify the media of concern, identify the COCs for each medium, develop PRGs, and formulatle RAOs. 
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2.2.1 Identification of Media of Concern 

. . 
The media of concern are identified based on the results of site investigations, the site-specific HHRA 

and marine ERA, and an evaluation of compliance with chemical-specific ARARs. Site investigations 

have identified marine sediment, shellfish, and terrestrial soils as potential media of concern. Shellfish 

are also an indirect medium of concern as it is assumed that they continue to be affected by sediment 

contaminants. Groundwater was not identified as a medium of concern because no contaminants 

were found at concentrations above regulatory criteria. This section presents each medium of 

concern for this FS. 

2.2.1.1 Marine Sediment 

The results of the site-specific HHRA and marine ERA were evaluated to determine whether sediment 

should be retained as a medium of concern. 

,’ --“^-\. 

As discussed in Section 1.6, the Marine HHRA (Brown and Root Environmental, June 1998) evaluated 

human health risks associated with plausible exposure pathways for human contact with the shellfish 

and marine sediment at the site. This assessment indicated that the human cancer risks did not exceed 

the target risk range of 1 E-04 to 1 E-06, and non-cancer HIS did not exceed the 1 E + 00 talrget for 

direct exposure to the sediment. 

However, the HHRA identified unacceptable human health risks associated with ingestion of shellfish, 

which in turn are presumed to be accumulating contaminants from sediment. Cancer risks for shellfish 

ingestion exceeded the target risk range of 1 E-04 to lE-06, and non-cancer HIS exceeded the 

1 E + 00 threshold for the subsistence fisherman exposure scenario. Risks were evaluated on a 

site-wide basis, using maximum and average concentrations detected. Cancer and non-cancer 

risks under this exposure scenario exceeded the target levels using both maximum and average 

concentrations. 

As discussed in Section 1.6.2, the marine ERA identified two areas of Coddington Cove as; having 

high probability of site - related COC risk to ecological receptors (stations 27 and 29). 

Intermediate probability of risk was identified for several other stations near the shoreline and 

piers. Low probability of site - related COC risk to ecological receptors was identified for offshore 
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stations, west of the site shoreline. Ecological receptors included avian predators and aquatic 

organisms. 

The results of the HHRA and marine ERA revealed that sediment is associated with increased 

probability for ecological risks to ecological and human receptors. Therefore, Coddington Cove 

sediments are identified as a medium of concern. 

2.2.2 Identification of Sediment Contaminants of Concern 

The sediment COCs are those chemicals that were found to present increased incremental human 

health or ecological risks. Sediment contaminants that pose excess human carcinogenic risk greater 

than lE-06 or have chemical-specific hazard quotients greater than 1.0 for human non-cancer risk 

would be selected as COCs. As stated in Section 2.2. I. 1, sediments were not found to pose risks 

through direct contact to human receptors above these target levels. However, increased risk through 

one human exposure scenario (subsistence fisherman) was noted via ingestion of shellfish. Those 

contaminants that posed excess risk above the non-cancer hazard index were arsenic and tota,l PCBs. 

Those contaminants that posed excess risk above the compound-specific cancer target of lEI-06 and 

non-cancer HQ of 1 .O for this receptor are listed below: 

HUMAN HEALTH CONTAMINANTS OF CONCERN 
PAHS INORGANICS 
Benzolalanthracene I’) Arsenic”“’ 
Benzo(b,i,k)fluoranthene I” 
Benzo(a)pyrene”’ PCBs 
Indeno(l,2,3-cd)pyrene”’ Total PCBs”’ 
Dibenzo(a,h)anthracene’l’ 

Notes: 

(‘)- chemical constituent with estimated cancer risk of 1 E-6 or greater 

“I- chemical constituent with estimated non-cancer HO of 1 .O or greatelr 

It should be noted that the risk calculated from arsenic is based on the inorganic form of arsenic. This 

may be an overly conservative assumption, considering that it has been documented that arsenic in 

shellfish is 80 to 90 percent organic, which is not toxic (USFDA, 19931. Therefore, while arsenic 

contributes to elevated risk, risk managers should consider arsenic as a secondary contributor. 

COCs identified as posing potential increased risk for ecological receptors are: 
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HMW PAHs p,p’-DDE 
LMW PAHs BUTY LTINS 
Total PAHs Tributyltin 

2.2.3 Sediment Preliminary Remediation Goals 

Preliminary Remediation Goals (PRGs) are developed to select a manageable number of COCs and 

corresponding concentrations that, when implemented as cleanup criteria, will address the areas of 

unacceptable human health and/or ecological risk. The PRGs must be protective of each of the 

principal receptors identified at the site: humans, aquatic organisms, and avian aquatic predators and, 

they should be reasonable and practical to implement. 

This section describes the PRGs that were developed for the marine sediment at the site. PRGs were 

developed by SAIC, as documented in the Draft Final Preliminary Remediation Goals for Derecktor 

ShipyardKoddington Cove (August 19981, and are presented in Appendix B. 

2.2.3.1 Development of Sediment Preliminary Remediation Goals 

Sediment PRGs were developed for the site using an approach developed by SAIC that considered the 

human ~health and ecological risk, as well as ARARs and TBCs. The complete PRG development 

process for this site is presented in Appendix B. 

The PRG process uses a quotient method that measures the ratio of the detected concentrat:ion (the 

concentration of the COC detected in the sediment) over the threshold effects value or TEV (the 

concentration at which adverse effects to the receptor is possible). As described in Appendix B, the 
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TEVs are developed for human and aquatic receptors based on the target acceptable risk values (human 

cancer risk of 1 E-6, and non-cancer risk HO of 0.1 or less; and ecological risk quotient of 1 .O or less). 

The PRG development resulted in identifying PRGs that are specific to individual COCs, exposure 

routes, and receptor groups. The recommended PRGs are selected to achieve the greatest practical risk 

reduction among the identified receptor pathways. 

2.2.3.2 Selected PRGs 

The potential and recommended PRGs selected for the site are presented in Table 2-1 (reprinted from 

Appendix B). This table shows the PRGs for each of the receptor groups: aquatic organisms exposed to 

bedded sediments, aquatic organisms exposed to suspended sediments, avian predators (ingesting 

shellfish), and human health (subsistence fisherman). 

The potential PRG is the chemical concentration in sediment which, under the most conservative 

assumptions used in the risk assessment reports, could result in any increase in the potential for 

adverse effects to occur. Potential PRGs were compared against existing data; sediments at almost all 

the stations tested (including some reference stations) exceeded at least one of these potential1 PRGs. 

Strict application of the potential PRGs would indicate that all sediments in the entire cove and1 a large 

portion of Narragansett Bay would need to be addressed based on these risk assessments (refer to 

Figures 3.3-10, 1 1, and 12, in Appendix B). Since the objective of the PRG process is to select 

practical and implementable cleanup criteria, it was concluded that the numbers should be refined. 

Many variables that are considered in the risk assessments are not quantifiable with an adequate level 

of certainty. Because of this, assumptions must be made for these variables, and many of the 

assumptions are purposely selected to be conservative (i-e, resulting in estimates of potential for 

increased risk that are greater than may actually be present). If one considers all of these assumptions, 

it becomes apparent that the actual risk to receptors is likely to be lower than that stated in the risk 

assessment reports. 

Some of the elements that contribute to the conservatism of the risk assessments are identified below: 
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TABLE 2-1 
RECOMMENDED PRGS 

FORMER ROBERT E. DERECKTOR SHIPYARD FEASIBILITY STUDY 
NSN - NEWPORT, RHODE ISLAND 

LIMITING COC 

Lead 

Benzo(a)pyrene 

HMW PAHs 

ECOLOGICAL RECEPTORS/EXPOSURE PATHWAY 

Ecological Receptors 

Aquatic Bedded Aquatic Resuspended Avian Predator 

NA 168 mg/kg None 

NA NA None 

13903 ug/kg NA None 

Human Receptor 

Subsistence Fisherman 

NA 

539 uglkg 

NA 

PCBs 
I I I I 

1638 ug/kg 1060 mg/kg None NA 

NA - Not applicable: Contaminant is not a limiting COC for the receptor noted. 



. Volume of shellfish ingested by human receptors: Literature indicates that thle upper 

ingestion rate used (15.6 g/day) is valid for regular ingestion of shellfish from all bay 

sources as a whole. However, the industrial nature of this site, the existing restrictions on 

shellfish collection, the water depth and the ship traffic are all expected to reduce 

collection and subsequently result in lower ingestion rates of shellfish taken from this area 

(B&RE 6/98). 

. Volume of sediments in suspension: Elutriate is prepared by vigorously mixing one part 

sediment to four parts water for thirty minutes. Sediment is separated and the water is 

tested. While ships are known to disturb sediments during maneuvering, it is lik’ely that 

the sediment - water mixture resulting from ship movement and propeller wash is much 

lower than 1:4 as was tested (SAICYURI, 5/97) 

., -Q* 

. Duration and frequency of suspension events: Elutriate tests are performed to determine the 

effect of resuspension of sediments. It should be noted that resuspension events within 

the areas of concern are likely to be infrequent and of relatively short duration, considering 

the existing and expected future use of the study area (SAICNRI, 5/97). 

. Portion of the avian receptors feeding area: The avian predator exposure model used in the 

ERA assumed a lifetime exposure. Avian predators would have to spend their entire life 

span feeding exclusively within the affected area for true risk to occur (SAIC, 8/98). 

. Bioavailability of the contaminants: Sulfides were measured in sediment to determine 

bioavailability of metals to the receptors. Mercury was included in this measure of 

bioavailibility although doing so may overestimate actual exposure to this contaminant 

(SAICNRI, 5/97). 

l Toxicity of contaminants: Toxicity values used for arsenic were those for inorganic arsenic. 

It has been noted by the USFDA that arsenic in shellfish is present in an organic form 

which is 80-90% less toxic than inorganic arsenic (B&RE, 6/98). 

. Amount of the shellfish: While shellfish were found during the sampling program, they were 

not abundant. It is unlikely that enough shellfish are present within the areas of concern 

to provide 37 meals per year to more than a few individuals, even if they were able to 
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collect them in the off-shore areas. In addition, it is unlikely that fishermen would take 

shellfish from this area consistently over the 30 year exposure duration assumed in the risk 

assessment (B&RE, 6/98). 

These conservative assumptions were reviewed, and recommended PRGs were derived as multiples of 

the potential PRGs (Table 2-l). Use of the recommended PRGs for human health would result in the 

total cancer risk remaining at the site of 1 E-5, which is within EPAs acceptable risk range, whiile use of 

the potential PRGs would presumably lower total cancer risk to 1 E-6. Similarly, they would result in 

COC-specific hazard quotients below 1 .O for non-cancer human risk, which are also within EPAs 

acceptable risk range, while use of the potential PRGs would lower the COC-specific hazard quotient to 

below 0.1. Given the industrial nature of the port and the conservative assumptions referencled above 

during estimation of risk, these are reasonable and implementable PRGs. 

Use of the recommended PRGs for aquatic receptors exposed to bedded and resuspended sediment 

results in identifying action areas that correlate to the areas where high potential for ecological risk and 

some of the areas where “intermediate” potential for ecological risk was determined in the risk 

assessment report. The NOAA ERL and ERM benchmark values for sediment also correlate to these 

recommended PRGs. 

For the avian receptors, recommended PRGs were not derived due to the conservative nature of the 

exposure models used for the ERA. It is unlikely that the receptor would feed exclusively in this area. 

In addition, most of the affected areas are more than 30 feet under water, and the avian predator used 

in the model (the herring gull) cannot be exposed to affected shellfish from these areas. Therefore, it is 

not recommended that the PRGs for the avian predator be used to direct remedial activity; rather, they 

could be used for the same purpose for which the avian predator model was developed: to indicate 

overall ecological quality. The PRG calculated for the avian predator can be used as a qualitative 

reference point for comparison of future long-term monitoring data. 

The recommended PRG values were compared to the sediment data that is available for the Coddington 

Cove area, The data used for this comparison included the sediment data collected for the ERA, a 

limited vibracore study performed in support of the ERA, and a URI study performed in 1994. 

Exceedances of the recommended PRG values are presented on Table 2-2A (Aquatic Bedded), Table 

2-2B (Aquatic Resuspended) and Table 2-2C (Human-Subsistence Fisherman). Appendix C presents a 

complete set of data for COCs pertinent to the receptors. Detected concentrations that exceed 
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TABLE 2-28 
EXCEEDANCES OF RECOMMENDED PRGs 

AQUATIC RECEPTOR-RESUSPENDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled 

Depth In Feet 

PCB (uglkg) 

Total PCBs 

Metals (mglkg) 

Recommended DSY-2 DSY3 DSY-27 DSY-27 DSY-28 DSY-28 DSY-28 DSY-29(D) 

PRG 11 I3193 11 t3/93 1 O/l 2195 l/l I/96 11/16/95 11/16/95 i1/16/95 1 O/l 9195 

0.0-0.1 0.0-0.1 0.0-0.5 0.3-0.7 0.8-I .I 2.5-2.8 3.4-3.8 0.0-0.5 

1,060 NE NE 3,310 z 1,380 NE NE NE NE NE 

Lead 168 181 NV 201 NV NE 182 NE 193 NE 180 

Y 

;s 

rTabZ_2b.xls 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NE - Not Exceeded; NV - Not Validated; D - Duplicate analysis, results are averaged 1 of 1 



TABLE 2-2C 

EXCEEDANCES OF RECOMMENDED PRGs 

SUBSISTENCE FISHERMAN -SHELLFISH AND LOBSTER 

FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

Sample Location Recommended DSY-2 DSY-3 DSY-18 DSY-20 DSY-27 DSY-27 DSY-28 

Date Sampled PRG 11 I3193 11 I3193 6/l 3194 6/l 3194 10/12/95 l/11/96 11 II 6195 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UGIKG) 

0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.5 0.3-0.7 0.8-I .I 

Benzo(a)pyrene 539 3,320 NV 4,710 NV 1,190 NV 880 NV 924 2,380 698 

ii rTab2-2c.xls 

U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NE - Not Exceeded; NV - Not Validated; D - Duplicate analysis, results are averaged 
1 of2 



TABLE 2-2C 

EXCEEDANCES OF RECOMMENDED PRGs 

SUBSISTENCE FISHERMAN -SHELLFISH AND LOBSTER 

FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UGIKG) 

Recommended 

PRG 

DSY-28 DSY-29(D) DSY-29 DSY-30 

11/16/95 1 O/l 9195 11/16/95 10112/95 

2.5-2.8 0.0-0.5 0.5-0.9 0.0-0.5 

Benzo(a)pyrene 539 4,130 2,790 1,550 812 

E rTab2-2c.xls 

U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NE - Not Exceeded; NV - Not Validated; D - Duplicate analysis, results are averaged 
2 of 2 



recommended PRGs are highlighted in large bold text on the Appendix C tables. The sample stations 

where exceedances were noted are depicted on Figure 2-l. 

Figure 2-l shows stations and the areas surrounding the stations as polygons. The polygons represent 

areas that are assumed to be associated with the station solely based on proximity to other sample 

stations. Colored polygons represent the stations where concentrations of COCs exceed the IPRGs as 

noted in the figure legend. 

2.2.3.3 Exposure Zones 

An evaluation was performed to determine the likelihood that the exposure support:ing the 

recommended PRG would occur. This assessment was performed to ensure that PRGs calculated from 

risk from an exposure scenario that is limited to one area are not inappropriately applied to other areas. 

The depth of the water in most of the shipyard areas likely precludes resuspension of sediment. An 

evaluation of propeller wash and impacts on the water velocity at the surface of the sediment was 

conducted to determine which areas are likely to pose risks from exposure to suspended sediments. 

The evaluation is presented in Section 3.3 of Appendix B. This evaluation concluded that, ,with the 

existing and anticipated level of activity at the site, sediments at depths of greater than 7 meters (24 

feet) below mean low water are highly unlikely to be disturbed at all by propeller wash. The sediments 

at depths of less than 7 meters may become resuspended through propeller wash; therefore, sediment 

resuspension PRGs should be applied in these areas. 

The activity at the site precludes shellfishing and lobster collection in some areas. L.ocations 

surrounding the piers are most likely to have a high level of activity in the future, so these areas are not 

likely to be used for shellfish harvesting. Therefore, an area extending 300 feet from the piers is 

assumed not to be a viable shellfishing area. The other areas of the cove are not subject to the same 

level of activity and there are no physical restrictions on fishing; therefore, these locations are iassumed 

to be viable shellfishing and lobstering areas. 

There are no restrictions on the aquatic exposures to bedded sediment, and therefore, all the sediments 

in the cove can be assumed to be available for exposure to the aquatic receptors from bedded 

sediment. 
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Figure 2-2 depicts the exposure zones that are discussed in the previous paragraphs. The aquatic- 

bedded exposure zone includes the entire cove, while the aquatic-resuspended exposure zone is limited 

to the shoreline and areas where water depth may allow sediment resuspension through water 

disturbance. The human-shellfishing exposure zone is assumed to include all the areas outside the 

perimeter extending 300 feet from the piers. 

2.2.3.4 Proposed Remediation Areas: 

Figure 2-3 presents an overlay of the areas where recommended PRGs are exceeded (Figure 2-I) and 

the zones of potential exposure (Figure 2-2). Note that areas 18 and 30 contain contaminants in 

sediments that exceed only one PRG (benzo(a)pyrene). This PRG was developed for protection of 

human health because the HHRA found that benzo(a)pyrene would contribute to an elevated cancer risk 

under the subsistence fisherman scenario. The cancer risk estimated for benzo(a)pyrene under the 

reasonable maximum exposure for this scenario was calculated to be 4.2E-6 for ingestion of hard 

clams, 5.1 E-5 for ingestion of blue mussels, and 2.7E-6 for ingestion of lobster. These risks all fall 

within EPAs target risk range of lE-6 to lE-4 and therefore may not warrant remedial action. This 

exposure scenario was developed based on the ingestion of shellfish taken from this site at a rate of 

approximately 36 meals per year. Cancer risk estimates calculated for other shellfish ingestion 

scenarios assuming consumption of approximately three meals per year were below the target risk 

range. 

Section 7 of the HHRA describes the limitations inherent in estimating risk, one of which is estimating 

the ingestion rate for subsistence fishermen. It is uncertain whether the areas represented by polygons 

18 and 30 can contain shellfish in sufficient abundance to support the subsistence fisherman exposure 

scenario, although it is known that commercial lobstermen trap in both areas. 

This FS report describes the remedial options available for all areas that are expected to exceed the 

PRGs as described in this section. However, proposed remediation of sediments solely for the human 

health PRGs should be evaluated as to its usefulness, because as the HHRA report notes, it is uncertain 

whether the subsistence fisherman scenario is a viable scenario. 
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2.2.4 Formulation of Sediment Remedial Action Objectives 

RAOs for site sediment were formulated based on the site-specific risk assessments, the RI marine 

investigations, COC identification, and PRG development presented in the preceding sections. RAOs 

were identified for the marine portions of the site as an entire area, since, although there are physical 

separations within the study area, there are no specific areas that pose different receptor risks. 

Therefore, all off-shore areas were considered in developing RAOs and in developing and evaluating 

remedial alternatives. 

The RAOs for the off-shore areas address the COC-related risks identified in the HHRA and the marine 

ERA. In accordance with CERCLA, the RAOs developed for these areas address unacceptable risks to 

humans identified in the HHRA, and potential risks to aquatic organisms and avian predators ildentified 

in the marine ERA. The RAOs identified for the Coddington Cove marine sediment are presentecl below. 

The RAO for the protection of human health: 

. Prevent human ingestion of shellfish that are impacted by sediments with COC concelntrations 

exceeding the selected PRGs, and are within areas where shellfishing could regularly occur. 

RAOs for the protection of the environment and ecological receptors: 

. Prevent exposure of aquatic organisms to bedded (in place) sediments with COC concentrations 

exceeding the recommended PRGs. 

. Prevent exposure of aquatic organisms to sediments with COC concentrations exceeding the 

recommended PRGs and that are present within areas where resuspension could occur. 

2.3 ESTIMATION OF AREAS AND VOLUMES 

The areas and volumes of sediment to be considered for remediation were estimated based on the 

recommended PRGs identified in Section 2.2.3 and the areas where exposure is plausible. The areas of 

concern and the receptors driving each area are presented on Figure 2-3. Volume estimates for the 

areas are presented below. The basis for these volume estimates are presented in Appendix C. 
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Estimated depths of sediments with concentrations of COCs in excess of the recommended PRGs are 

based solely on data that is currently available. As noted in Table 2-2(a-c), most of the data shows that 

sediments with concentrations of COCs above recommended PRGs are within the upper sediment 

intervals. This is supported by tables presented in Appendix C, which show all data for COCs at all 

stations collected, with PRG exceedances highlighted. Appendix C shows that COCs decline rapidly 

with depth in core samples collected from stations 27, 29, 30, 31, and 34. Station 28 core data 

shows elevated concentrations of COCs at depth as well as at the surface, and this is reflected in the 

volume calculations. 

The areas of concern include stations 18 and 30, due to possible human shellfishing only; station 20, 

due to possible aquatic effects from bedded sediment and possible human health effects from 

shellfishing; and stations 2, 3, 27, and 29 due to possible effects to all three receptor groups (human, 

aquatic-bedded, and aquatic-suspended). In addition, station 28 has been included as an area of 

concern because although the surface sediment at this station did not exceed PRGs, subsurface 

sediment (at depths between 0.8 feet to 3.8 feet below sediment surface) did exceed PRGs for all 

receptors, and this station is within the potential high energy areas delineated on Figure 2-2 where 

sediment resuspension is likely. 

The polygon areas shown on Figure 2-3 are the estimated areas associated with the individual 

sample stations, as identified during the PRG development detailed in Appendix B. Table 2-3 

presents the estimated area and volume of elevated-risk off-shore sediment exceeding PRGs. 

These estimates are limited by the number and frequency of samples collected. Particularly regarding 

the number of samples collected at depth, these limitations result in a very high percent of error in the 

calculated volume of sediment that is used for this FS. As a result, the actual volume of sedimients that 

would be found by a predesign investigation to be in excess of the PRGs could be as much as 50% 

higher than this estimate or more, but maybe only 20% lower. 
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TABLE 2-3 
SUMMARY OF AREAS EXCEEDING PRGS 

FORMER ROBERT E. DERECKTOR SHIPYARD FEASIBILITY STUDY 
NSN - NEWPORT, RHODE ISLAND 

Notes: 
sf - Square Feet 
vlf - Vertical Linear Feet 
cy - Cubic Yards 
N - Not Applicable - No recommended PRG was selected, or 

recommended PRG was not exceeded. 



3.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

Technology identification and screening are important preliminary steps in developing remedial 

alternatives. In this phase of the FS, potentially applicable technology types and process options 

are identified. The technologies and process options are then screened by evaluating each with 

’ respect to technical implementability, thereby reducing the number considered furthler. The 

technologies and process options considered to be implementable are then evaluated in greater 

detail, and representative options are selected for subsequent development and evalu,ation of 

remedial alternatives. 

The identification, screening, and evaluation of technology types and process options are 

summarized below by completing the following steps: 

. Developing general response actions (GRAS) for each medium of concern that will satisfy 

the remedial action objectives (RAOs.1 

. Identifying and screening remedial technologies applicable to each general response action 

. Evaluating and selecting representative technology types and process options 

Section 3.1 identifies the GRAS that may be implemented at the site. Section 3.2 discusses the 

technologies to be considered and provides a preliminary screening to focus the technology types 

deemed applicable. Section 3.3 presents a discussion of the final evaluation and selection of 

representative technologies. A summary of the technologies retained for further consideration in 

site-specific remedial alternatives is provided in Section 3.4. 

3.1 GENERAL RESPONSE ACTIONS 

General response actions describe categories of actions that could be implemented to satisfy the 

RAOs for each medium of concern at a site. GRAS may include treatment, containment, 

excavation, extraction, disposal, institutional controls, or a combination. Typically, in developing 

remedial alternatives, combinations of GRAS may be identified to fully address all the RAOs. 
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GRAS identified as applicable for remediating marine sediment at the site include the follovving: 

* No Action 

a Limited Action 

l Containment 

. Removal and Disposal 

. Removal, Treatment, and Disposal 

These GRAS are summarized below. 

3.1.1 No Action 

Under the no-action option, the site is left “as is”, without implementing institutional controls, 

containment, removal, or treatment. This option, furthermore, does not provide for monitoring or 

placing access restrictions on contaminated media at the site. However, examination of this option 

is retained throughout the FS process, as required by the National Contingency Plan. Although this 

option requires no remedial action, it provides a baseline against which other GRAS can be 

evaluated. 

3.1.2 Limited Action 

The limited-action option is comprised primarily of institutional controls and access restrictions 

that may limit use or access to the site to reduce or eliminate risks of exposure to hazardous 

materials. Limited actions also include implementing a long-term monitoring program to assess 

changes in environmental conditions existing at the site. While institutional controls and access 

restrictions alone do not reduce the volume, mobility, or toxicity of contaminated media through 

direct means, naturally occurring attenuation processes may reduce contaminant concent:rations 

over an extended period of time. Data generated from long-term monitoring activities would 

provide information to assist in determining the rate of natural attenuation, as well as the potential 

migration of COCs from the marine sediment. Monitoring would also provide information on which 

to base a decision regarding the need to implement additional remedial actions should migration be 

observed. 
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3.1.3 Containment 

Containment options reduce potential exposure risks through the application of physical means. 

Physical barriers prevent direct contact with and manage potential erosion/migration of 

contaminated media. Barriers may consist of permeable or impermeable caps and may be 

comprised of natural and/or synthetic materials, Containment reduces the mobility of the 

contaminated media but does not affect volume or toxicity. 

Containment of sediment in an underwater, marine environment also involves issues related to its 

ability to settle the capping material during placement, and both permeability and transmissivity of 

the cap once in place. The cap must also be designed to withstand erosion forces of tides, waves, 

and localized currents. 

3.1.4 Removal and Disposal 

Removal technologies are used to collect contaminated media from their present locations and 

move them for subsequent disposal. For marine sediment, removal is typically performed by the 

use of excavation and/or dredging equipment. Removal reduces the volume of contaminated media 

remaining on site and allows site conditions to attenuate more rapidly than they would under 

natural conditions. 

Removal of marine sediment also involves materials-handling issues related to sediment 

suspension, sediment dewatering, and residual water treatment/disposal. Sediment dewatering is 

necessary as a processing step to render the removed material suitable for disposal as a 

consolidated solid. Residual water generated from dewatering the sediment removed from the 

marine environment may require treatment prior to direct discharge into Narragansett Bay or 

disposal at a local publicly-owned treatment works (POTW). 

Sediment disposal technologies are combined with removal, or removal and treatment, to alevelop 

alternatives to cleanup contaminated marine sediment at the site. Depending on the nature of the 

contaminated media, disposal may include the following options: contained aquatic disposal 

(CAD), disposal on land at a designated on-site/on-base location, or disposal at an off-base RCRA 

Subtitle C/RCRA Subtitle D landfill or treatment, storage, and disposal facility (TSDF). Disposal in a 

properly secured and maintained manner reduces the mobility of the contaminated media. 
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3.1.5 Removal, Treatment, and Disposal 

Treatment technologies are combined with removal and disposal options. Following removal, 

contaminated sediments may require treatment to reduce their volume, mobility, and/or toxicity 

prior to disposal. Treatment options include technology types and process options using thermal, 

physical, chemical, and/or biological means. Treatment options include in-situ and ex-situ 

processes. Ex-situ processes may further include both on-site/on-base and off-base options. 

In-situ treatment options may not be viable, primarily due to the location of the remedial areas 

within the marine environment. The nature of the contaminants, their relatively low 

concentrations, and the extremely low PRGs set for the coastal area may further deem in-situ 

options ineffective and inefficient in achieving the RAOs. However, options are identified and 

evaluated for applicability in Section 3.2 (see Table 3-1). 

Ex-situ treatment options are included for consideration in combination with off-base disposal 

options. Based on existing analytical data, marine sediments removed from the site are expected 

to be of acceptable quality for direct disposal in a RCRA Subtitle D landfill without pretre,atment. 

However, because the available data regarding contaminant concentrations at depth is limited, and 

sediments have not been sampled for all disposal parameters, contingency has been included for 

treating a fraction of the materials removed. This contingency includes treating approximately 20 

percent of the material from the site area because of elevated concentrations of metals, PAHs, 

and/or PCBs. In addition, use of a bulking agent may be necessary for all materials dredged due to 

the free liquids that may be present. 

3.2 IDENTIFICATION AND PRELIMINARY SCREENING OF TECHNOLOGIES AND 

PROCESS OPTIONS 

A variety of technologies and process options exist for each GRA described in Section 3.1. These 

technology types and process options were identified and a preliminary screening was performed 

to focus on relevant technologies and process options. A summary of the identification and 

preliminary screening of technologies and process options associated with the remediation of 

marine sediment at the site is provided in Table 3-I. Many options are eliminated based on 
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TABLE 3-1 
IDENTIFICATION AND PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

MARINE SEDIMENT FEASIBILITY STUDY REPORT 
DERECKTOR SHIPYARD, NSN, NEWPORT, RI 

GENERAL 
RESPONSE 

ACTION 

No Action 

Limited Action 

Containment 

TECHNOLOGY 

None 

Institutional Controls 

Access Restrictions 

Long-Term 
Monitoring 

Permeable Cap 

PROCESS OPTION 

Not Applicable 

Use Restrictions/ 
Shellfishing Ban 

Fencing/Signs/ 
Buoys/Enforcement 

Sediment 
Monitoring 

DESCRIPTION 

No activities conducted to address 
contamination. 

Implementation of administrative 
action to restrict recreational use and 
prohibit lobstering. Permanent ban on 
shellfishing already in place. 

Placement of fencing and buoys, and 
posting of warning signs to inform 
public of use restrictions and to deter 
access. 

Periodic sediment sampling and 
analysis to assess potential 
contaminant migration. Provides 
information to evaluate existing 
exposure risks. 

Placement of natural materials (silts, 
fill, sand, gravel, and/or crushed stone) 
and stone/rock bedding over 
contaminated sediment to prevent 
direct contact and minimize erosion/ 
contaminant migration. 

COMMENTS 

Retained. Use for baseline 
comparison, as required by 
NCP. 

Retained for protection of 
human health. Not protective of 
ecological receptors, 

Retained for protection of 
human health. Not protective of 
ecological receptors. 

Retained as potentially 
applicable. Can be combined 
with other GRAS for assessment 
of existing site conditions and 
exposure risks. 

Potentially applicable for low 
energy areas that will not be 
maintained as a industrial port 
area. Eliminated for affected 
areas because it would limit 
future maintenance of the port. 



TABLE 3-l 
IDENTIFICATION AND PRELIMINARY SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 
MARINE SEDIMENT FEASIBILITY STUDY REPORT 
FORMER DERECKTOR SHIPYARD, NSN, NEWPORT, RI 
PAGE 2 OF 9 

materials, geotextile, and armament that will not be maintained as a 
material) over contaminated sediment. industrial port area. Eliminated 
Provides greater protection than does for affected areas because it 

ural cap, especially in high energy future maintenance 

contaminated sediment to prevent 
direct contact and minimize erosion 
and contaminant migration. 

cap not appropriate for 
underwater application. Any 
water movement and gas 
formation under the cap could 
become trapped and stress the 
integrity of the cap. Placement 
of cap would cause excessive 
turbulence in water column 
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material, geomembrane, and 

to prevent direct contact and minimize underwater application. Any 
erosion and contaminant migration. water movement and gas 

formation under the cap could 
become trapped and stress the 
integrity of the cap. Placement 
of the geomembrane would be 
difficult; it would tend to float 
on the water surface. 

s. Also applicable for 

xtensrve erosron contra 
measures required. Particularly 
useful in areas where large 

ess extensrve erosron contra 

water disposal site. with containment to prevent 
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PAGE 4 OF 9 

combination with Disposal (Cont’d) 

Treatment and 
Disposal) (Cont’d) 

contaminants to a less toxic form water required for the duration 
through chemical reactions. Reagents of the treatment. Difficult to 
are typically chosen for treatment of ensure treatment reagents are 
specific contaminants. Toxic thoroughly mixed with 
byproducts may form. contaminated sediment. 

into contaminated media. Effective for water required. Difficult to 
destruction of VOCs and SVOCs. ensure complete mixing of 
Ineffective for inorganics, nutrients. Not effective in 

treating all site contaminants. 
Lack of nutrients and low 
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RESPONSE 

direct uptake and accumulation in enough to remediate 
plant tissue, release of enzymes that contaminants at depth. Wave 
stimulate microbial activity and action may impede adequate 
biochemical transformation, and rooting of plants. Not effective 
enhancement of mineralization in in treating all site contaminants. 
plants’ roots. Effective for destruction lnorganics accumulate in 
of some VOCs and SVOCs and plants, so plants would require 
effective for absorbing many harvesting and replanting, 

contaminants by treatment with 
reagents to solidify/fix them. Most 

where solidified mass cannot be 

Situ; On-Site/On- 

(in combination 
with Removal and 

Volatilization of organic contaminants Eliminated: D 
by an externally-fired rotary dryer and inorganic contaminants. 
removal as a condensed liquid. Proven Dredged sediment may require 
for treatment of VOCs. Limited significant dewatering prior to 
applicability to remove SVOCs, PAHs, treatment. Would require pilot 
and PCBs. Not applicable for 

ntaminants with low 
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(in combination 
with Removal and 
Disposal) (Cont’d) 

effective for treating inorganics. Most cost effective; simpler 
applicable to low BTU soils and processes available to treat 
homogeneous waste streams. contaminants. 

a glassy, crystalline monolith using 
electric current. Applicable to 
treatment of both inorganics and 

water content material. 
Performance may be affected 
by high concentrations of 

reduce volume of materials requiring materials with low fines 
aggressive treatment. Fraction content. The sediment at this 
containing fines is separated from site has high content of silt. 
coarse by washing process; fines Would require numerous 
containing majority of contaminants extraction tests to remove the 
require additional treatment. various contaminants identified 
Contaminant removal using extractant in site sediments. Residual 
solution. Solutions used include water, solvents and surfactants may be 
surfactants, acids, bases, and/or difficult to remove from treated 
oxidizing or reducing agents. Can sediment. Not cost effective; 
remove both organics and inorganics in simpler processes available to 
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RESPONSE 

(in combination 
with Removal and 
Disposal) (Cont’d) 

solvent. Most effective for organic treated sediment. Requires 
contaminants. Can treat sediments in bench-scale testing. Not cost 
slurry form. Solvent requires further effective; simpler processes 
processing or disposal. Treated available to treat contaminants. 
material requires dewatering prior to 

contamrnants In an aqueous reactor concentrated waste streams. 
using molecular oxygen at elevated 
temperatures/ pressures. Effectiveness 

and/or proprietary agents, to form a and/or for use as a bulking 
chemically-stable matrix of limited agent. Space is available on site 
permeability. Most suitable for for treatment. 
immobilizing inorganics. Not proven 
effective for many organic 
contaminants. May be used for bulking 
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GENERAL 
RESPONSE 

ACTION 

Treatment (Ex- 
Situ; On-Site/On- 
Base) 
(in combination 
with Removal and 
Disposal) 
(Cont’dl 

TECHNOLOGY PROCESS OPTION DESCRIPTION 

Chemical/Physical 
Treatment 
(Cont’d) 

Biological Treatment 

Washing of sediment with acid, and 
processing of effluent through a 
membrane or ion exchange system. 
Most effective for inorganics. Not 
effective for organic wastes or waste 
materials. 

Stripping of chlorine atoms from 
hazardous halogenated hydrocarbons 
using alkali metals or alkali 
metal/polyethylene glycol. Effective for 
destruction of chlorinated organics, 
dioxin, and PCBs. Ineffective for 
treatment of inoraanics. 
Preparation of dredged sediment into a 
pumpable slurry to which a nutrient- 
rich bacteria is added for degradation 
in a reactor system. Most effective 
for organic contaminants. Not 
effective for inorganics. Limited 
effectiveness for PCBs and PAHs. 
Treated material requires dewatering 
prior to disposal. 

COMMENTS 

Eliminated. Similar to solvent 
extraction, but for treatment of 
inorganics only. Better suited for 
material with low fines content. 
Requires bench-scale testing. 

Not cost effective; simpler 
processes available to treat 
contaminants. 
Eliminated. Not effective for 
treatment of PAHs, or metals. 
Effective for treatment of PCBs 
only. 

Eliminated. Not effective in 
treating site contaminants. 
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(in combination 
with Removal and 

the ground surface and amended with 
nutrients. Effective for destruction of 
VOCs. Ineffective for inorganics. 
Limited effectiveness for PCBs, PAHs. 

Situ; Off-Base) 

(in combination 
with Removal and 

Use of plants to naturally remediate Eliminated. Not effective in 
contaminants via three mechanisms: treating all site contaminants. 
direct uptake and accumulation in Would require harvesting of 
plant tissue, release of enzymes that plants and subsequent 
stimulate microbial activity and treatment/disposal and 
biochemical transformation, and 
enhancement of mineralization in 
plants’ roots. Effective for destruction 
of some VOCs and SVOCs and 
effective for absorbing many 
inorganics but not demonstrated 

hemical/Biological disposal facility, as necessary for 
acceptance in licensed landfill. 

Estimated 20% of dredged 
material requiring treatment to 
stabilize metals prior to disposal 

RA Subtitle C or D landfill/ 

Eliminated on basis of technology screening (see “Comments”). 



technology screening. All options not eliminated due to overall applicability concerns (technical 

implementability) are retained for detailed evaluation in Section 3.3. 

3.3 EVALUATION AND SELECTION OF REPRESENTATIVE TECHNOLOGIES AND 

PROCESS OPTIONS 

All technologies retained during preliminary screening are evaluated in more detail in this section. 

The final evaluation and selection of representative process options associated with remediation of 

marine sediment at the site are based on the criteria presented in Section 3.3.1. A discussion of 

the detailed evaluation of representative technologies and process options is presented in the 

Sections 3.3.2 through 3.3.7 and summarized in Table 3-2. 

3.3.1 Criteria for Evaluation of Technologies and Process Options 

In this step, process options considered implementable following preliminary screening are 

evaluated in greater detail prior to selecting representative process options to use in developing 

remedial alternatives. One representative process option is selected, if possible, from each 

technology category to simplify subsequent development and evaluation of alternatives ,without 

limiting flexibility during remedy selection or remedial design. The evaluation criteria include 

effectiveness, implementability, and cost, with a focus on effectiveness. Brief descriptions of the 

criteria are as follows: 

. Effectiveness focuses on the potential ability of a process option to handle the estimated 

areas or volumes of media, and to meet the remediation goals identified in the RAOs, the 

potential impacts to human health and the environment during construction and 

implementation, and the technical reliability (effectiveness of innovative versus well-proven 

technologies) with respect to the contaminants and conditions at a site. 

. Implementability encompasses both the technical and institutional feasibiliity of 

implementing a process. The preliminary screening of technology types and process 

options was based on an evaluation of technical implementability issues in order to 

eliminate options that were clearly ineffective or unworkable at a site. The subsequent, 

more detailed, evaluation places greater emphasis on the institutional aspects of 

implementability (coordination with various regulatory agencies and contractors; the 
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TABLE 3-2 
EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NSN - NEWPORT, RHODE ISLAND 

General Response Technology Process Option Effectiveness Implementability cost Conclusion 
Action 

No Action None Not Applicable Not effective in achieving No implementation Capital: none Retained, as required by NCP. 
remedial action objectives. required. O&M: low 

Limited Action Institutional Use Restrictions/ Effectiveness in preventing Readily implementable. Capital: low Retained for protection of 
Controls Lobstering and human health risks depends However, requires O&M: low Human Health. 

Shellfishing Bans on continued future coordination with 

enforcement. Not effective in multiple state agencies 
minimizing ecological risks or and state enforcement. 
preventing contaminant Shellfishing ban 

migration. No contaminant currently in effect. 
reduction. 

Access Posting/Fencing Effectiveness in preventing Readily implementable. Capital: low Retained for protection of 
Restrictions human health risks depends However, requires O&M: low Human Health. 

on continued future coordination with 
enforcement. Not effective in multiple state agencies 
minimizing ecological risks or and state enforcement. 
preventing contaminant Shellfishing ban 
migration. No contaminant currently in effect. 
reduction. 

Long-Term Sediment Monitoring Would not reduce risk to Readily implementable. Capital: low Retained. 
Monitoring receptors, but would provide O&M: low to May be combined with other 

data for assessment of long- moderate process options. 
term exposure risks and 

contaminant migration. 
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4 EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS 
z FORMER ROBERT E. DERECKTOR SHIPYARD 
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General Response Technology Process Option Effectiveness Implementability cost Conclusion 

Action 

Removal Excavation/ Mechanical Effectively removes debris Implementable by both Capital: Potentially viable for removal of 

tin combination Dredging Excavation/Dredging and contaminated sediment pier/shoreline and moderate to debris (cable, conduit, piping 

with Disposal or from marine environment. barge-mounted high 

Treatment and 

etc.) retained along with 

Would eliminate future operations. O&M: none hydraulic dredging. 

Disposal) exposure risks at the site. 

Requires aggressive turbidity 
control measures to minimize 

contaminant migration. 

Hydraulic Dredging Effectively removes Implementable by both Capital: Retained. 

contaminated sediment, but pier/shoreline and moderate to 

not able to remove debris barge-mounted high 

> 6 inches in diameter. operations. O&M: none 

Would eliminate future 

exposure risks at the site. 
Less sediment resuspension 

during implementation than 
mechanical dredging. 

Off-Base Off-Base Landfill Offers full range of disposal Local RCRA Subtitle D Capital: high Retained. 

Disposal and treatment/disposal landfills may not have 

options for all types of capacity to accept large O&M: none 

materials. volumes. RCRA Subtitle 
C TSDFs are available 
to accept the volume 

anticipated to require 

such disposal and/or 
treatment. 

Treatment Physical/ Solidification/ Widely demonstrated as Requires initial Capital: low Potentially viable for treatment 

(Ex-Situ; On-Site/ Chemical Stabilization effective in immobilizing dewatering of sediment. to moderate of inorganics. 

On-Base) Treatment metals and for use as bulking May require bench-scale O&M: low Retained for reducing free 

(in combination agent to reduce free liquid testing using site- liquids prior to off-base disposal. 

with Removal content. specific materials. 

and Disposal) 

Treatment Thermal/ Multiple Processes Effective treatment at Readily implementable Capital: low Retained. 

(Ex-Situ; Off- Physical/ properly licensed facility to at licensed disposal O&M: none 

Base) Chemical/ render the contaminated facility. Requires proper 

(in combination Biological media acceptable for off- handling transport, 

with Removal Treatment base rli‘2nnc.l ...lr-Y”s. compiete with biii of 

and Disposal) lading. 



availability of treatment, storage, and disposal services; and the availability of necessary 

equipment and skilled workers to provide long-term operational and maintenance (O&M) 

services, etc.). 

. Cost plays a limited role in the screening of process options. Options are evaluated based 

on relative capital and O&M costs (whether the costs are high, medium, or low relative to 

the other options in the same technology type). At this point in the evaluation, ,the cost 

analysis is based on engineering judgment and not on detailed estimates. 

A discussion of the screening and detailed evaluation of technology types and process options 

using these criteria is provided in the following sections. 

3.3.2 No Action 

The no-action option consists of taking no remedial action at the site. It is included in the FS 

process to serve as a baseline against which other alternatives may be compared. 

Assessment of this option is as follows: 

. Effectiveness: The option would not be effective in achieving the RAOs for contaminated 

marine sediment. Contaminants would remain and could continue to pose a risk to the 

marine environment and/or human health. Impacted sediments could be resuspended 

through propeller wash at high energy areas and migrate to other areas within 

Narragansett Bay and connected waterways. 

. Implementability: The option would be readily implementable with no associated concerns. 

l Cost: The option would have no capital costs, and O&M costs associated with the 5-year 

reviews would be relatively low. 

The no-action option is retained for further consideration, as required by the NCP, to provide a 

baseline comparison against which other GRAS can be evaluated for contaminated marine 

sediment at the site. 
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3.3.3 Limited Action 

The limited action GRA consists of activities designed to minimize potential risks to human health 

and the environment primarily by prohibiting or controlling access to impacted areas. The 

technology types/process options include institutional controls, access restrictions, and long-term 

monitoring. These options may be conducted independently or in conjunction with other process 

options to protect human health and the environment. 

3.3.3.1 Institutional Controls 

institutional controls include administrative actions to restrict future use of the site that may result 

in exposure risks. The intertidal and subtidal areas are property of the State of Rhode Island, so 

any efforts to restrict access or activities must be coordinated with the state. Use restrictions 

could be implemented to more effectively restrict shellfishing and prohibit lobstering. However, a 

state-imposed ban on bivalve collection) is already in effect in the area of Narragansett Bay off 

NSN and Coddington Cove due to known and potential sewage discharges in the area. RIDEM has 

designated the area as a Permanent Shellfish Closure Area. RIDEM has noted that the shellfish 

closure could be lifted if the sewage discharges are addressed through tertiary treatment. 

Assessment of this option is as follows: 

. Effectiveness: This option would offer no containment or removal of contaminated marine 

sediment. Use restrictions, effectively enforced by the State of Rhode Island or the Navy, 

would deter fishermen and recreational users and thus reduce human health risks 

associated with ingestion of contaminated shellfish. Current restrictions are reportedly not 

enforced to the degree that would be effective. Institutional controls would not prevent 

contaminant resuspension/migration, reduce toxicity, or reduce contaminated sediment 

volume. Institutional controls would not protect aquatic receptors. Use restrictions could 

minimize disturbances of the contaminated media by deterring access. No additionel risks 

to human health and the environment would result from implementing use restrictions. 

. Implementability: Use restrictions could be implemented by the State of Rhode Island to 

prohibit lobstering and shellfishing in contaminated areas. Institution of access restrictions 

and enforcement by NSN police is implementable. Prohibition of lobstering within 

W5298195F 3-18 CT0 302 



Coddington Cove is implementable, but as is the case with shellfish collection prohibitions, 

RIDEM enforcement is necessary. Cooperation/coordination between Rhode Island 

authorities and the Navy on enhanced enforcement of the existing restrictions would be 

required because the impacted area is located on state property in the marine sedirnent. 

l Cost: The capital and O&M costs for administrative actions and 5-year reviews vvould be 

relatively low. 

Institutional controls are retained for further consideration. Although controls prohibiting some 

shellfishing activities are already in place, they are not permanent. They could be made 

permanent and be expanded to include prohibition of lobster collection. Institutional controls can 

be implemented along with long term-monitoring and access restrictions. 

3.3.3.2 Access Restrictions 

Access restrictions include placing physical barriers or markings to limit site use. Placement of 

fencing, signs, and buoys would demarcate the impacted area and identify the use restrictions 

(shellfishing and lobstering prohibitions) and associated risks. These actions would deter access to 

the site and the impacted sediment, thus reducing the likelihood of exposure to humans. 

Assessment of this option is as follows: 

. Effectiveness: Enforced access restrictions (proper placement of signs and buoys, as well 

as fencing the north breakwater from shore access) would deter commercial fishermen and 

recreational boaters, and anyone else collecting shellfish, effectively reducing the potential 

for risk to humans, Access restrictions would not prevent contaminant migration, reduce 

toxicity, or reduce contaminated sediment volume. Access restrictions would not protect 

ecological receptors. 

. Implementability: The NSN Police Department currently enforces access restrictions to the 

waters from the shoreline of Coddington Cove. However, it is reported that there are 

recreational divers that use the breakwater at the north boundary of Coddington Cove. 

The Navy could limit access to this breakwater, and limit access to the waters in the areas 

of concern by placing buoys and signs at appropriate locations within Coddington Cove. 
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The Navy would monitor and maintain the buoys, fences and signs as long as the 

contaminated sediments remained in place. 

a Cost: The capital and O&M costs for placement and long term maintenance of fencing, 

buoys, and signs would be relatively low. 

Access restrictions were retained for further consideration with institutional controls to protect 

human health only. However, access restrictions would not provide protection to ecological 

receptors. 

3.3.3.3 Long-Term Monitoring 

Long-term monitoring includes collecting sediment samples from selected locations to assess the 

migration of contaminants within the contaminated media (sediment) and to adjacent media 

(porewater, and subsequently into Narragansett Bay). Monitoring would also provide a means of 

measuring any natural attenuation processes (intrinsic abiotic and biotic degradation) occurring 

within the contaminated marine sediment; it would also provide information to assess potential 

needs for future remedial action. 

Assessment of this option is as follows: 

. Effectiveness: Data collected from monitoring activities would help to identify trends in 

contaminant concentrations associated with natural attenuation and potential migraition of 

contaminants from the site. Monitoring could also provide information to assess the need 

for future remedial action, as well as to monitor the effectiveness of any remedial action 

being conducted. Monitoring would not offer protection or attain RAO’s on it’s own. 

Monitoring would not be effective in preventing contaminant migration or reducing toxicity, 

mobility, or volume of contaminated sediment. 

. Implementability: A long-term monitoring plan would be readily implementable, since 

trained personnel are locally available for sample collection and analysis/reporting. 

l Cost: The capital and O&M costs for a periodic sediment monitoring program would be 

relatively low. 
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The long-term monitoring option is retained for further consideration. While providing no direct 

protection of human health and the environment, monitoring would provide a means of assessing 

changes to contaminant concentrations from natural attenuation processes. In addition, it can be 

used to monitor for potential for contaminant migration at the site. Combined with other process 

options, monitoring would provide a means of determining the effectiveness of remedial action 

activities. 

3.3.4 Containment 

The containment GRA involves using engineering controls to limit potential risks to human health 

and the environment. It consists of installing and maintaining physical barriers to isolate and 

contain the contaminated marine sediment. Containment was eliminated from further 

consideration during preliminary screening (see Table 3-l) because installation of a cap woluld limit 

future maintenance of the port. 

The primary limitation of containment is that the containment structure cannot be interrupted in 

the future. This requires that the containment structure be inspected and be avoided during any 

intrusive activities at the site. One intrusive activity that may occur at the former shipyard is 

future dredging to maintain adequate depth for the berthed ships. By containing the contaminants 

in place, the depth of water over the completed containment structure would become the 

maximum depth for future maintenance dredging. 

Because of the limitations that a cap would create for the future maintenance and growth options 

for the port, it was determined that in-place containment should be eliminated from further 

evaluation. 

3.3.5 Removal 

Removal technologies are key components of both the removal/disposal and the 

removal/treatment/disposal GRAS. Removal activities involve excavating and/or dredging 

contaminated marine sediment to reduce or eliminate on-site toxicity, mobility, and volume. These 

operations require instituting sediment resuspension/turbidity control measures, transporting 

removed materials, implementing sediment dewatering activities, treating water generated during 
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dewatering activities, and restoring altered intertidal and subtidal habitats, Sediment consolidated 

from dewatering activities would also require treatment or disposal, as discussed in Sections 3.3.6 

and 3.3.7. A pre-design investigation would be required to make final determinations on disposal 

options and removal equipment, and better delineate the area (vertical and horizonta) extent) 

affected by the action. 

In general, selection of the most efficient and cost-effective excavation and/or dredging techniques 

depends on sediment removal rates which, in turn, depend on the following factors: 

. 

Equipment (type and size) 

Volume and depth of contaminated material 

Sediment characteristics (amount of debris, sediment grain size, and water content) 

Location/navigational constraints (bridges, water depth, currents, etc.) 

Weather conditions 

Post-removal treatment requirements (dewatering, water treatment, and sediment treatment, 

etc.) 

Marine ecological concerns related to resuspension of contaminated sediments during removal 

and associated turbidity control (silt curtains, booms, etc.) 

Health and safety issues related to sediment handling 

Transport 

Method of disposal or treatment 

Land-based removal could be conducted in some areas from existing piers and bulkheads, 

Contaminated sediment that cannot be reached from the shoreline would be removed using barge- 

mounted dredging equipment. 

The sediment removal options may include the following excavation and dredging technology 

types. 

3.3.5.1 Mechanical Dredging and Excavation 

Mechanical dredging and excavation may be conducted using a number of techniques including 

clamshells, dippers, bucket ladders, drag lines, and conventional earth-moving equipment. This 

equipment operates by directly applying mechanical force to dislodge materials to be removed. 
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Clamshells. The most commonly used mechanical dredge for removing contaminated soils and 

sediment is the clamshell dredge. Clamshells can recover all types of material and debris, except 

highly consolidated sediment. This type of dredge is generally equipped with an open, hinged 

bucket with a capacity of 1 to 12 cubic yards. The bucket is attached by a cable to a land-based 

crane or flat-bottomed barge. The clamshell dredge can excavate to practically any depth, 

restricted only by the crane-lifting capacity. 

The clamshell dredge is operated by opening the jaws of the bucket, lowering the bucket into the 

material to be removed, closing the jaws, and hoisting the bucket by means of the crane cable. 

The dredge removes a heaped bucket of material, part of which is excavated by drag forces during 

hoisting. If properly operated, conventional clamshell dredges can operate with limited loss of 

sediment and can efficiently remove a large volume of material. For marine dredging applications, 

a modified, watertight bucket is sometimes used to minimize the resuspension of solids into the 

water column. The clamshell dredge would allow removal of sediment with a minimal removal of 

water. However, use of the watertight bucket would increase the water captured with the 

sediment. It is anticipated that 25% of the material removed would be water using the watertight 

bucket, and less using a non-watertight bucket. 

Dippers. The dipper is a powered 8 to 12 cubic yard shovel designed for digging out rock a,nd very 

hard, compacted material. Its use is suited for excavation of soft rock and highly consolidated 

sediment within a working depth of 50 feet. Since this technique operates with a violent digging 

action and tends to drop small particles, its application for marine dredging is often limited. 

Dippers allow removal of sediment with minimal water included with the dredge spoils. However, 

excessive resuspended sediment would be generated and not captured if fine grained material, 

such as is present in Coddington Cove is dredged. 

Bucket Ladders. A bucket ladder dredge is comprised of a submersible ladder that supports a 

continuous chain of buckets that rotate around two pivots. When the buckets rotate around the 

underside of the ladder, they scoop up material and transport it up the ladder for discharge into a 

storage bin. These dredges are most commonly used in mining operations abroad, such as sand 

and gravel production. The bucket ladder dredge generates considerable turbidity because of the 

mechanical agitation of sediment and leakage from the bucket. The water captured by this 

method is equivalent to that of the clamshell dredge. Water content would be higher if dredging 

fine grained sediments, as the principal is to allow the sediment to displace water within1 each 
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bucket as it is raised up the ladder. Fine grained material will become suspended in water and 

not stay within the buckets as effectively as coarser grained sediment and gravel. 

Drag lines. Drag lines use the same basic equipment as the clamshell dredge. However, the drag 

line operates by using a drag cable to pull the bucket through the material being excavated toward 

the crane. Drag line dredges typically provide for a longer reach than clamshell dredges operated 

by the same crane. Since drag lines cause a great deal of mechanical agitation of the material 

being removed and because the buckets are generally open, their use usually results in excessive 

sediment resuspension. The amount of water captured by this method would be equivalent to that 

of the clamshell dredge. It is anticipated that watertight and non-watertight buckets are available 

for this application. 

A summary of the advantages and disadvantages of mechanical dredging follows: 

Advantages of mechanical dredging include the fact that excavation can be conduicted to 

maximize the solids content (approximately 75%) and, thereby, minimize the scale of the 

dewatering and handling activities. Mechanical dredges are highly maneuverable, are able 

to remove many types of debris, and provide dredging accuracy. Clamshell dredges and 

excavators are capable of efficiently removing materials with depth. Many techniques are 

available for shoreline use, while fewer options are suited for barge-mounted operation. 

Disadvantages of mechanical dredging include the potential of resuspending large amounts 

of sediment, as well as offering a lower production capacity with typically highelr costs 

than other dredging techniques. Mechanical dredging operations, furthermore, require 

significant rehandling of materials. Finally, mechanical dredging is not effective in 

removing shallow amounts of sediment; they are specifically designed to acquire large 

vertical amounts of sediment. 

Assessment of this option follows: 

l Effectiveness: Mechanical dredging would be effective in removing debris and 

contaminated sediment at thicknesses of 2 feet and more from the marine environment. 

Removal would minimize future exposure risks to human health and the marine 

environment while preventing contaminant migration within Narragansett Bay. The 
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effectiveness of mechanical dredging is limited by the difficulty of achieving precision 

removal in an underwater environment. Multiple passes over the contaminated a.rea may 

be required to remove all contaminated materials, and excess sediment may be removed in 

the process. The effectiveness can be improved, but not to 100 percent, by state-of-the- 

art positioning equipment. The use of appropriate turbidity control measures during 

dredging of marine sediment would minimize contaminant migration during implementation. 

However, mechanical dredging activities could result in excessive suspension of 

contaminated sediment that may be difficult to control, particularly in water 30’ or more in 

depth. 

. Implementability: Mechanical dredging is readily implementable by numerous companies 

with trained personnel familiar with dredging of contaminated sediment . Fewer companies 

are available with direct experience in associated sediment dewatering and treatment 

techniques; however, qualified companies are assumed to be readily available within the 

Rhode Island coastal business community. 

Mechanical dredging is readily implementable by both shoreline and barge-mounted 

operations because of the nature of the site and surrounding shorelines. 

l Cost: The capital costs are moderate to high for dredging contaminated materials. No 

O&M costs are associated with this option. 

Mechanical dredging is a viable removal option for this site and has, therefore, been retained for 

further consideration. The final selection of the most appropriate mechanical dredging method 

should be made after vertical extent of contamination is delineated through a predesign activity. 

3.3.5.2 Hydraulic Dredging 

Hydraulic dredges use centrifugal pumps to remove sediment in a liquid slurry form and trainsport 

the slurry by suction to a designated location on a barge or along the shoreline. Slurries of 10 to 

20 percent solids by weight are typically achieved. A cutterhead, or similar device, is often1 fitted 

at the suction end of the dredge to assist in dislodging bottom materials and allow for transport to 

the suction pipe. The cutterhead is probably the most efficient and versatile type of hyldraulic 

dredge available. However, new hydraulic dredge designs are available that attempt to increase 
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made after evaluation of PDI data. For the purposes of the FS alternatives evaluation and costing, 

hydraulic dredging (see Section 3.3.5.1) has been selected as the representative dredging 

technology for removal activities at the site. 

3.3.6 Materials Handling and Disposal 

Disposal technologies are included as key components of the removal GRAS. Disposal media 

include debris removed near the piers and sediment excavated and/or dredged from the marine 

environment. Disposal options may include both on-base and off-base locations. 

Additional activities associated with excavation/dredging operations are related to materials 

handling. These activities include transporting dredged materials for processing, screening, and 

dewatering sediment, and treating/disposing of both the residual water and the devvatered 

sediment. 

3.3.6.1 Transportation of Excavated/Dredged Materials 

Marine sediment removed from the impacted areas is transported for processing (removal of 

debris, dewatering, etc.) prior to disposal. The type of transport depends on the method of 

excavation/dredging (mechanical transport for mechanical removal activities and hydraulic 

transport through suction pipelines for hydraulic dredging). At the site, the proximity of the piers 

and the bulkheads to the areas evaluated for remedial action is such that transportation sholuld not 

be difficult. Final transportation methods will be selected after the dredging method is selected. 

3.3.6.2 Initial Processing 

Processing would take place either at a designated shoreline location or on a barge/scow located 

near the removal location. All excavated/dredged materials are expected to be placed directly on a 

barge or scow for processing, or on a staging area at the base of Pier 1. 

Dewatering Activities. Dewatering is the first step of processing dredged materials. This is 

generally required to reduce the moisture content of the sediment, enhance the handling 

characteristics, and prepare the sediment for further treatment and disposal. Typically, dredged 
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material is screened to remove large objects and debris that may plug or foul the dewatering 

equipment. 

Dewatering technologies appropriate for marine sediment include centrifuging, filtration, and 

gravity thickening. The effectiveness of these technologies can be influenced by the content of 

clay, silt, and organic matter in the sediment. 

Centrifuging techniques use the force developed by the fast rotation of a cylindrical drum lor bowl 

to separate solids and liquids due to differences in densities. They can generally achieve a /product 

composed of 10 to 35 percent solids. The effectiveness of using centrifuges is limited by sediment 

containing tars, small particle sizes, low density particles, large objects, or fibrous materials. 

Centrifuges are generally compact and are, therefore, well-suited for use in areas with space 

limitations. 

Filtration is a physical process whereby liquid is forced through a permeable medium and 

dewatered solids are retained. Filtration techniques are able to dewater fine-grained sediment over 

a wide range of solids concentrations. The effectiveness depends on the type of filter, the particle 

size, and the water content of the sediment. Three commonly used filtration systems include belt 

press filtration, vacuum filtration, and pressure filtration. The achievable solids content of 

dewatered sediment is expected to be in the range of 10 to 50 percent. 

Gravity thickeners concentrate solids in a tank, similar to a conventional sedimentation tank or 

clarifier. They can concentrate dredged sediment slurries of nearly any grain size to at least 2 to 

15 percent solids. Heavier material will dewater quickly and more efficiently than fine grain 

material. Thickened material is typically further dewatered by other methods. The use of (gravity 

thickening techniques for dewatering marine sediment has limited applicability. However, it may 

be used as a preliminary dewatering technique in cases when the solids content is very low, as in 

the case of slurries generated from hydraulic dredging operations. 

The selection of a dewatering process or combination of processes depends on the sediment 

volume and solids content (a function of the dredging technique), available land space, and degree 

of dewatering required. The system may be operated on the barge/scow or at the on-shore 

portions of the site in the vicinity of the removal activities. 
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Treatment/Disposal of Residual Water. The water generated from sediment dewatering processes may 

require treatment to remove dissolved and colloidal contaminants prior to disposal. 

Treatment can take place on the dredging platform or at a NSN-owned shoreline property, through a 

skid-mounted clarifier and membrane filter prior to discharge into Narragansett Bay. The clarifier would 

remove inorganic constituents by metals precipitation. Unsettled metals precipitant and other 

suspended particles would be removed by sedimentation and/or filtration. Organic constituents (PAHs 

and PCBs) are expected to be adsorbed onto the surface of the suspended particles, and thereby 

removed along with these particles. However, should a need arise to further reduce the concentrations 

of these organic constituents, additional process units may be added to the skid-mounted treatment 

train. These may include dissolved air flotation and/or granulated activated carbon process units. The 

treated effluent would be required to meet specific contaminant concentration limits prior to discharge 

into the bay. 

Actual materials that would be used for precipitation (alum etc.) and the volumes required would be 

determined upon performance of a pilot scale test. This is appropriate for design of any treatment 

plant. The volume of water to be treated will be determined based on the dredging equipment to be 

used and-the recovery rate of dredged sediments. The water treatment plant would be designed to 

keep pace with the dredging schedule, once it is determined. Current estimates indicate that under 

optimal conditions, dredging could progress at a rate of 435 cubic yards per day. If one assumes 

dredge spoils are 80% water, the plant would have to treat and discharge up to 75,000 gallons per 

day. Backup storage would have to be available to withhold as much pretreatment water that could be 

produced during a full day of dredging at optimal rate. This safeguard will assure that the treatment 

plant is not over-taxed at any time, and that dredging can be delayed if there is a delay in treatment 

production. It is anticipated that the Piers and North Waterfront areas of the former Shipyard will be 

available for handling and treatment of water and sediment. 

3.3.6.3 Off-Base Sediment Disposal 

All sediments will be tested for hazardous characteristics after dredging. Once marine sediment 

has been tested for hazardous characteristics, approximately 80% is expected to be acceptable 

for disposal at a RCRA D landfill following dewatering. It is assumed that the remainder of the 

material (estimated to be 20%) would require treatment and/or disposal at a RCRA Subtitle C TSD 

or landfill. 
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Assessment of this option follows: 

. Effectiveness: Off-base disposal offers a full range of disposal and treatment/disposal options 

depending on the contaminant type and concentration. Disposal at a licensed RCRA Subtitle 

D/RCRA Subtitle C landfill or TSDF are effective means of off-base disposal. Furthermore, these 

facilities may be capable of providing treatment of selected materials if required prior to 

disposal. 

. Implementability: This option may be difficult to implement. RCRA Subtitle D landfills are 

available locally but a single location may not be able to accept the volumes of materials 

removed from the site. RCRA Subtitle C TSDFs are available for disposing and/or treating a 

small volume, but a single location is also unlikely to be able to accept the volume anticipated. 

Therefore, a number of disposal facilities may have to be used, and some or all of the material 

may have to be shipped out of state. Proper handling and transport of contaminated materials, 

complete with bill of lading, would be required. Some stabilization of the materials may be 

required prior to transport to minimize the presence of free liquids. 

l Cost: The capital costs are expected to be relatively high. No O&M costs are associated with 

this option. 

Off-base disposal is retained for further consideration for dredged materials. 

Treatment 

Treatment is included as a potentially required component of the removal/treatment/disposal GRA. 

Contaminated marine sediment removed by dredging techniques may require treatment, following 

dewatering and prior to disposal. Treatment would ensure that all contaminated solids are of 

acceptable quality for disposal at the off-base facilities. Treatment may include stabilization or 

solidification to immobilize contaminants within the material, or use of bulking agents to remove 

excess water for transportation. . 

Appropriate off-base treatment options would be determined by the disposal facility acceptiing the 

material. 
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It is anticipated that once the marine sediment has been tested for hazardous characteristics, 

approximately 80% of the dredged material may be disposed of in a RCRA subtitle D facility 

following dewatering. However, because little data are available regarding contaminant 

concentrations at depth, a contingency has been included to process a fraction of dredge spoils 

that may not meet disposal requirements without treatment. 

This contingency assumes the need to treat the remaining 20 percent of the volume removed due 

to elevated concentrations of metals, particularly lead and chromium, prior to disposal at a RCRA 

C facility as described in Sections 3.3.6.3 and 3.3.6.4. These metals were identified using the 

“rule of thumb” of dividing the detected contaminant concentration in the sediment by 20 and 

comparing the resulting concentrations against the contaminant concentrations in TCLP extract 

above which the material is classified as hazardous waste under RCRA (the RCRA C level used for 

lead was 5.0 mg/l). The resulting value is considered comparable to the concentration thlat may 

be found in the leachate generated by TCLP analysis of soil samples. 

Application of this calculation odes not define or classify material as characteristic hazardous 

waste or not, it only provides an indication of whether the material should be tested. However, it 

is used in this report as an indication of how much sediment may be characteristic RCRA C waste, 

and it is recognized that this rule of thumb may not accurately predict TCLP concentrations, 

This rule of thumb is typically used for solid waste. Because of the smaller grain size and total 

organic content of the sediments as compared to some wastes, this approach is likely to be more 

conservative for sediments, overestimating the volume that would actually be in excess of the 

TCLP analysis. 

3.3.7.1 On-Base Treatment 

On-base treatment may be required for sediment contaminated with elevated concentrations of 

metals. Potential on-base treatment technologies include chemical/physical (stabilization/ 

solidification) options. Additional thermal, physical, chemical, and biological options were 

eliminated during preliminary screening (Table 3-l 1. 

Chemical/Physical Treatment (Solidification/Stabilization). Solidification/stabilization is a technique 

that mixes reactive materials with contaminated solids, semi-solids, and sludge to immobilize the 
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contaminants by forming a chemically-stable matrix of limited permeability. Volume increases 

exceeding 20 percent can result. Solidification/stabilization agents may include cement, siliceous 

materials, lime, or proprietary agents. Selection of the most appropriate agent, the waste-to- 

additive ratio, mixing variables, and curing conditions all depend on the chemical and physical 

characteristics of the waste. Solidification/stabilization techniques are most successful in treating 

wastes containing inorganics; however, some success has been experienced with oily sludge and 

solvents. Solidification/stabilization is not effective for immobilizing VOCs. 

Assessment of this option follows: 

. Effectiveness: Solidification/stabilization is a well accepted technique to treat inorganic 

contaminants. Success in forming a chemically stable matrix depends on the selection of the 

stabilizing agents, the mix ratios of waste to agent, and proper mixing and curing. Its 

effectiveness in treating organics is inconclusive. Treatability studies would be required to 

confirm the effectiveness in treating organics, as well as in determining the optimum processing 

steps to reduce leaching of inorganic constituents from the solidified/stabilized medium. 

Addition of stabilizing agents is also used effectively to reduce the amount of free liquid present 

in sediment that may otherwise be of acceptable quality for disposal without adlditional 

treatment. 

. Implementability: The implementation of the solidification/stabilization process may prove 

difficult for sediment or sediment slurries with high water content. Initial dewatering of these 

materials would be necessary to minimize the amount of stabilizing agent required. This 

preparatory step would, in turn, reduce the time required to stabilize the contaminants and 

minimize volume increases associated with bulking of the contaminated material. Trealtability 

studies would be required to determine appropriate treatment processes. 

l Cost: The capital costs are expected to be relatively low. Dredged and dewatered sediment 

requiring solidification/ stabilization are expected to be treatable on-site for a minimal cost per 

cubic yard. The volume of contaminated sediment expected to require treatment is 

approximately 20 percent of the dredged materials, quantified in following sections. No O&M 

costs are associated with this option. 
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Solidification/stabilization is a viable treatment option for inorganic contaminants, and has been retained 

for further consideration. 

3.3.7.2 Off-Base Treatment 

Off-base treatment has been evaluated as a contingency in case of on-shore portions of the site is 

not available for treatment. The appropriate off-base treatment technologies will be determined 

by the disposal facility accepting the material. For the purposes of this FS, treatment has been 

included as a contingency for solidifying/stabilizing approximately 20 percent of the marine 

sediment prior to disposal at a RCRA Subtitle C landfill. 

Assessment of this option follows: 

. Effectiveness: Treatment at a licensed RCRA Subtitle C/RCRA Subtitle D landfill or TSDF are 

effective means of rendering the contaminated material acceptable for off-base disposal. 

Treatment would reduce the toxicity and mobility of the contaminated media. The vollume of 

the media would be increased (typically by up to 20 percent) by solidification/stabilization 

processes. 

. Implementability: This option is implementable at a licensed off-base facility. Many facilities 

offer stabilization/solidification. Fewer facilities are available for treatment of organics. Proper 

handling and transport of contaminated materials, complete with bill of lading, would be 

required. Some stabilization of the materials may be required prior to transport to minimize the 

presence of free liquids. 

l Cost: The capital costs are expected to be relatively low. Materials requiring solidification/ 

stabilization are expected to be treatable on-site for a minimal cost per cubic yard. The volume 

of contaminated sediment expected to require treatment at a RCRA Subtitle C is approximately 

20 percent of the dredged materials, quantified in following sections. No O&M costs are 

associated with this option. 

Off-base treatment is retained for further consideration for the site area. 
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3.4 SUM,MARY OF SELECTION OF REPRESENTATIVE PROCESS OPTIONS 

All remedial technologies and process options retained following the detailed evaluation process 

discussed in Section 3.3 are summarized in Table 3-3. As discussed in Section 4.0, these 

technologies will be grouped to form a variety of alternatives to consider in remediating marine 

sediment at the site. 
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TABLE 3-3 
SUMMARY OF SELECTED REPRESENTATIVE PROCESS OPTIONS 

MARINE SEDIMENT FEASIBILITY STUDY REPORT 
FORMER DERECKTOR SHIPYARD, NSN, NEWPORT, RI 

General Response 
Action 

No Action 

Limited Action 

Technology Process Option 

None . Not Applicable 

Institutional Controls 0 Use Restrictions 
l SheIlfishing/Lobstering Ban in affected areas 

Access Restrictions . Fencing from shore access to breakwater 
. Buoys warning of restricted area from access by 

water 

Removal 
(in combination with 
Disposal or 
Treatment/Disposal) 

Long-Term Monitoring l Sediment Monitoring 

Excavation/Dredging l Mechanical Excavation/Dredging 
. Hydraulic Dredging 

Disposal Off-Base Disposal 
(in combination with 
Removal or 
Removalflreatment) 

Treatment (On-Base) Physical/Chemical 
(in combination with Treatment 
Removal/Disposal) 
Treatment (Off-Base) Thermal/Physical/ 
in combination with Chemical/Biological 
Removal/Disposal) Treatment 

l Off-Base RCRA Subtitle D Landfill 
l Off-Base Unrestricted Landfill or Recycling 

Facility (Nearshore only, partial/debris) 
l Off-Base RCRA Subtitle C Landfill or TSDF 
. Bulking and dewatering for transportation 

l Stabilization/Solidification 

. Multiple Processes 
l Stabilization/Solidification 
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4.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

Developing and screening alternatives is conducted to assemble an appropriate range of remedial 

options to achieve the site RAOs. In this phase of the FS, remedial technologies retained for 

further consideration in Section 3.0 are combined to form remedial alternatives for the sediment, 

which has been identified as the medium of concern. The alternatives are then screened to narrow 

the field of potential alternatives to be selected for subsequent detailed evaluation. 

The alternatives are developed to comply with regulatory criteria applicable to the site conditions 

and the media of concern, as directed by the following regulations and guidance: 

l Navy/Marine Corps Installation Restoration Manual (February 19921, which dictates that 

remedial alternatives be consistent with the procedures outlined in the NCP (40 CFR 

300.430). 

. National Oil and Hazardous Substance Pollution Contingency Plan (NCP) (40 CFR 300), 

which further suggests consideration of applicable EPA directives and guidance. 

l Guidance for Conducting Remedial Investigations and Feasibility Studies under CE!RCLA 

(EPA, 1988). 

These documents require that a range of alternatives be developed that eliminates, reduces, or 

controls human and ecological risks. The goal is to select remedies that are protective of human 

health and the environment, that maintain protection over time, and that minimize untreated 

waste. According to Section 121 of CERCLA, as amended by SARA, the statutory preference is 

for remedies that will result in a permanent and significant decrease in toxicity, mobility, or volume 

of contaminants and provide long-term protection. In addition, the NCP specifies that #certain 

expectations be considered in developing and screening remedial alternatives. These expectations 

are as follows: 

. Treatment will address the principal threats posed by the site, wherever practical. Principal 

threats are considered to be liquids, areas contaminated with high concentrations of toxic 

compounds, and highly mobile materials. 
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. Engineering controls, such as containment, will be used for waste that poses a relatively 

low, long-term threat and for which treatment is impractical. 

l A combination of methods will be used, as appropriate, to achieve protection of the 

environment. In appropriate site situations, treatment of principal threats will be combined 

with engineering and institutional controls for dealing with residuals and relatively low, 

long-term threats. 

. Institutional controls, such as deed restrictions, will supplement engineering controls for 

short- and long-term management to prevent or limit exposure to hazardous substances, 

pollutants, or contaminants. 

. The use of innovative technologies will be considered when such use offers the potential 

for comparable or superior treatment performance or implementability, fewer or lesser 

adverse impacts, or lower costs for similar levels of performance than previously 

demonstrated technologies. 

. Environmental media will be returned to their beneficial uses, when practical, within a 

reasonable time frame. When restoration of a medium is not practical, actions are 

expected to prevent further migration and exposure to contaminated media, and evaluate 

further risk reduction measures. 

The remedial alternatives developed for the marine sediment at the Derecktor ShipyardKoddington 

Cove site are summarized in Table 4-l. A description of each alternative and a discussion of their 

applicability are provided in the following section. All alternatives developed are evaluated in more 

detail in Section 5.0. 

4.1 RATIONALE FOR DEVELOPMENT OF ALTERNATIVES 

In selecting remedial options, GRAS and process options chosen to be representative of the 

various technology types (see Section 3.0) are combined to form remedial alternatives that allow 

for future remedy selection. The alternatives are developed to address a range of risk reduction 

measures, future land use restrictions, and exposure scenarios. Alternatives are also devleloped 

that achieve compliance with ARARs and recommended PRGs. 
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TABLE 4-l 
SUMMARY OF REMEDIAL ALTERNATIVES AND THEIR COMPONENTS 

MARINE SEDIMENT 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

Alternative Receptor Addressed Key Components 

1: No Action None l Five-year reviews 

2: Limited Action Aquatic receptors exposed to bedded l Long-term monitoring (sediment sampling and analysis) 
and resuspended sediment . Five-year reviews 

Human receptors exposed through l Access restrictions to breakwater by recreational 
shellfish ingestion divers, buoy line preventing access to affected area by 

boat, NSN police enforcement of access 
l Institutional controls - Shellfish and lobster fishing ban 
. Five-year reviews 

3A: Limited Aquatic receptors exposed to bedded l Pre-design investigation: 34 stations, I:36 samples 
Dredging and resuspended sediment l Site preparation (removal of debris along piers and 

bulkheads) 
. Mechanical excavation and/or suction dredging 
. Testing for Hazardous Characteristics 
. Possible decontamination of debris 
. Possible solidification of sediment 
. Sediment dewatering 
l Water treatment and discharge to bay 
. Disposal of debris at municipal landfill or recycling 

facility 
. Disposal of approximately 27,000 cubic yards of 

sediment at RCRA subtitle D landfill 
. Disposal of approximately 6,700 cubic ,yards of 

sediment at RCRA subtitle C landfill 
. Possible mitigation of wetland resource areas if any are 

impacted by dredging 
. Five-year reviews 

Human receptors exposed through l Access restrictions to breakwater by recreational 
shellfish ingestion divers, buoy line preventing access to affected area by 

boat, NSN police enforcement of access 

. Institutional controls - Shellfish and lobster fishing ban 

. Long term monitoring at stations 18 and 30 

. Five-year reviews 
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TABLE 4-1 
SUMMARY OF REMEDIAL ALTERNATIVES AND THEIR COMPONENTS 
MARINE SEDIMENT 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NSN - NEWPORT, RHODE ISLAND 
PAGE 2 OF 2 

Alternative 

3B: Hot Spot 
Dredging 

4: Dredging and 
Disposal 

Receptor Addressed 

Aquatic receptors exposed to bedded 
and resuspended sediment 

Human receptors exposed through 
shellfish ingestion 

Aquatic receptors exposed to bedded 
and resuspended sediment, and 
human receptors exposed through 
shellfish ingestion 

-I- 
. 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Key Components 

Pre-desian investigation: 78 stations, 312 samples 
Site preiaration (removal of debris along piers and 
bulkheads) 
Mechanical excavation and/or suction dredging 
Testing for Hazardous Characteristics 
Possible decontamination of debris 
Possible solidification of sediment 
Sediment dewatering 
Water treatment and discharge to bay 
Disposal of debris at municipal landfill or recycling 
facility 
Disposal of approximately 24,360 cubic: yards of 
sediment at RCRA subtitle D landfill 
Disposal of approximately 6,090 cubic yards of 
sediment at RCRA subtitle C landfill 
Possible mitigation of wetland resource areas if any are 
impacted by dredging 
Long term monitoring at stations where sediments 
exceed PRGs but are not dredged 

. Access restrictions to breakwater by recreational 
divers, buoy line preventing access to affected area by 
boat, NSN police enforcement of access 

. Institutional controls - Shellfish and lobster fishing ban 

. Five-year reviews 

. Long term monitoring at stations that are not dredged 
Pre-desian investigation: 34 stations, 136 samples. . 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Site preparation (removal of debris along piers and 
bulkheads) 
Mechanical excavation and/or suction dredging 
Testing for Hazardous Characteristics 
Possible decontamination of debris 
Possible solidification of sediment 
Sediment dewatering 
Water treatment and discharge to bay 
Disposal of debris at municipal landfill or recycling 
facility 
Disposal of approximately 40,800 cubic -yards of 
sediment at RCRA subtitle D landfill 
Disposal of approximately 10,200 cubic yards of 
sediment at RCRA subtitle C landfill 
Possible mitigation of wetland resource areas if any are 
impacted by dredging 
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The remedial alternatives developed to address marine sediment contamination consist of combinations 

of no action, long-term monitoring, institutional controls, access restrictions, removal, disposal, and 

treatment technologies. The purpose of each remedial alternative is to prevent migration of and/or 

control receptor contact with the contaminated media. A range of remedial alternatives from no action 

to complete removal and off-base disposal of impacted media is retained for detailed evaluation. 

Treatment of contaminated sediment prior to disposal was included as a contingency. As discussed in 

Section 1.4.1, sediment contaminant concentrations are sufficiently low to deem the sediment 

acceptable for disposal in a solid waste (RCRA Subtitle D) landfill without treatment. However, a 

treatment contingency was included to accommodate the possibility that some highly contaminated 

sediment will be encountered during the pre-design investigation (PDI) or implementation of the Iremedial 

action. 

Four remedial alternatives have been developed for addressing contaminants present in sediment at the 

site. The alternatives include: 

. Alternative 1: No Action 

. Alternative 2: Limited Action (institutional controls, access restrictions, long-term monitoring) 

l Alternative 3A: Limited Removal (institutional controls, access restrictions, and partial removal 

and off-base disposal) 

. Alternative 3B: Hot Spot Removal (institutional controls, access restrictions, and selective 

removal and off-base disposal) 

. Alternative 4: Removal and off-base disposal 

4.2 REMEDIAL ALTERNATIVES 

The alternatives were developed to address sediments in Coddington Cove identified by the risk 

assessments as presenting elevated risks to humans and marine biota because of concentrations of 

PAHs, PCBs, and metals. The contamination is presumed to be associated with industrial activities at 

the shipyard and at and near Piers 1 and 2 in Coddington Cove. The risk assessment results and inputs 

were used to determine recommended preliminary remediation goals recommended (PRGs), which are 

concentrations of COCs above which ecological and human receptors are likely to be affected. 
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Sediment contaminants that exceed all the recommended PRGs were estimated to cover 1.8 million 

square feet of surface area, and range in depth between 0.5 and 4.0 feet below the top of fsediment 

(Section 2). However, approximately half of this estimated area, identified by stations 18 and 30 

(estimated at 937,000 square feet), is expected to exceed only the recommended PRG for human 

health. The remainder of the affected area (estimated at 870,000 square feet) exceeds recommended 

PRGs for human health and ecological receptors (Figure 2-3). Therefore, some of the alternatives have 

combinations of the GRAS to protect each of the receptor groups differently. The remedial alternatives 

developed for the site are described in detail in the following sections. 

4.2.1 Alternative 1: No Action 

Evaluation of the no-action alternative is required under the NCP. This alternative would involve no 

remedial response activities for the site. However, at a minimum, it would provide a baseline against 

which other alternatives may be compared. Furthermore, since contamination would remain and 

unrestricted future use of the environment would be allowed. A 5-year review of the no-action (decision 

would be required. 

Under this alternative, no remedial actions would be performed and no direct protection of human 

health or the environment would be provided. 

4.2.2 Alternative 2: Limited Action 

The limited-action alternative would involve indirect and non-intrusive remedial action for contaminated 

marine sediment at Coddington Cove. This alternative would include three primary elements: 1) 

institutional controls, 2) access restrictions, and 3) long-term monitoring. Furthermore, since sediment 

contamination would remain, a 5-year review of the alternative would be required to evaluate any 

change in risks to the receptors posed by the site. The institutional controls and access restrictions 

could be implemented to protect humans from exposure to contaminants in affected shellfish. Long- 

term monitoring would be implemented to assess changes in contaminant levels and associated risks to 

human and ecological receptors. 

Institutional controls would be placed to ban shellfishing and lobster collection at affected areas of 

Coddington Cove. RIDEM’s cooperation would be needed to enforce the ban, and notify persons with 

lobster collection permits about the restricted area, which is depicted on Figure 4-l. This restriction 
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would be publicly posted at shore access points on the western side of Aquidneck Island, and the 

eastern side of Conanicut Island (Jamestown). The restriction would also be appended to the 

paperwork normally distributed to those receiving collection permits. Finally, RIDEM’s fisheries 

enforcement division would patrol the area, as it now does for other shellfish closure areas. 

Access restrictions would be placed to prevent access from the shore and from the water. Access 

from the shore is already patrolled at most areas by the NSN police. However, improvements to the 

access restriction would include fencing the shore access to the breakwater that bounds the north side 

of Coddington Cove. This is a known access point for recreational divers. NSN police patrols would 

enforce this restriction, as it currently does for other portions of the base shoreline. 

To prevent access to the affected area by water, a buoy line identifying a “restricted zone” would be 

placed and maintained as shown on Figure 4-l. This line would be marked using USCG “fiftlh class” 

warning buoys or “cans” marked orange on white with the international navigation hazard pattern. 

Placards would have to be posted stating that the area is restricted to Navy vessels only, and access is 

allowable only by permission of the NSN police and the Navy dockmaster. One such placard would be 

placed at the western-most extension of each of the existing piers. These placards would have to be 

large enough to be visible to boaters entering the area. 

The access restriction must be enforced by the Navy police or military personnel. A simple approach 

for enforcement is for the NSN police to observe the area from shore, and contact the RIDEM fisheries 

enforcement division if they observe boating or collection activity within the restricted area. 

A long-term monitoring program would be performed to annually monitor contaminant concentrations 

and other parameters that were found to contribute risk to ecological receptors. This program would 

determine on a regular basis if the risk to the ecological receptors is increasing and if a more protective 

alternative needs to be implemented. 

The long-term monitoring program would include sediment, biota, elutriate, and toxicity testing. For 

costing purposes, it is assumed that samples would be collected from IO locations in the study {area to 

correspond to sample stations found to contain contaminant concentrations in excess (of the 
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recommended PRGs. The analyses would include sediment chemistry (PCBs, PAHs, metals, SEM/AVS); 

biota chemistry (PCBs, PAHs, metals, butyltins in both indigenous blue mussels and lobster); elutriate 

chemistry (PC&, PAHs, metals); and amphipod and arabacia toxicity. 

Given the nature of the sediment contamination and the slow changes in sediment quality anticipated, a 

single event per year is anticipated to be sufficient to monitor long-term sediment quality trend.s for the 

duration of the monitoring effort. The results of the monitoring would be compiled and an evaluation of 

the contamination and its associated risks would be conducted as a part of the 5-year reviews, which 

are required by CERCLA for sites where contaminants are allowed to remain. The monitonng data 

would be used to identify any changes in the contaminant concentrations and to determine the need to 

increase or decrease frequency of monitoring events, or to implement more aggressive response actions 

at the site. 

This alternative is worthy of consideration because while risk to the ecological receptors is identified, it 

may not warrant a full-scale removal of sediment. Highly conservative elements were incorporated in 

developing the ERA and the PRGs. In addition, receptor exposure - effects relationships are uncertain. 

Finally, this is the only alternative available that is not intrusive to the environment. The level of risk 

posed by contaminated sediments at the site may not warrant an intrusive action such as dredging that 

will suspend sediments and may cause significant adverse affects to the ecology of the cove. 

4.2.3 Alternative 3A: Limited Dredging 

Alternative 3A would involve the institutional controls stated above to protect human receptors from 

contaminants in excess of human-health-based PRGs at stations 18 and 30. It would also include 

dredging actions to remove sediments that are present at concentrations anticipated to affect 

ecological receptors. 

Alternative 3A (Limited Dredging), includes removal and off site disposal of sediment with COCs 

present in excess of the recommended PRGs for ecological receptors (refer to Section 2.2.3.2 and 

Table 2-I). Based on current data, sediments from stations 2,3,20, 27, 28, and 29 would be dredged 

under this alternative, although a pre-design investigation would be conducted to redefine the affected 

area (See Figure 4-2A). 
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This alternative would involve the following elements: 

. Institutional controls 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Access restrictions 

Long Term monitoring at Stations 18 and 30 

Pre-design investigation 

Sedimentation controls 

Subgrade preparation/debris removal where necessary 

Sediment removal 

Dredged sediment dewatering and bulking 

Testing for Hazardous Characteristics 

Possible Decontamination of Debris 

Possible Sediment Stabilization 

Possible water treatment and discharge 

Possible mitigation of wetland resource areas if any are impacted 

Off-base disposal 

Five-year reviews 

Institutional controls would be placed to ban shellfishing and lobster collection at affected areas of 

Coddington Cove. RIDEM’s cooperation would be needed to notify persons with lobster collection 

permits about the boundary of the restricted area, which is depicted on Figure 4-l. This restriction 

would be publicly posted at shore access points on the western side of Aquidneck Island, and the 

eastern side of Conanicut Island (Jamestown). The restriction would also be appended to the 

paperwork normally distributed to those receiving collection permits. Finally, RIDEM’s fisheries 

enforcement division would patrol the area as it now does for other shellfish closure areas. 

Access restrictions would be placed to prevent access from the shore and from the water. ,4ccess 

from the shore is already patrolled at most areas by the NSN police. However, improvements to the 

access restriction would include fencing the shore access to the breakwater that bounds the north side 

of Coddington Cove. This is a known access point for recreational divers. NSN police patrols would 

enforce this restriction, as it currently does for other portions of the base shoreline. 

To prevent access to the affected area by water, a buoy line identifying a “restricted zone” would be 

placed and maintained as shown on Figure 4-l. Placards would be posted at the ends of the piers 
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stating that the area is restricted to Navy vessels only, and access is allowable only by permission of 

the NSN police and the Navy dockmaster. Buoys would be standard USCG “fifth class” buoys (or 

“cans”) marked orange on white with the international navigation hazard pattern. 

The access restriction must be enforced by the Navy police or military personnel. A simple approach 

for enforcement is for the NSN police to observe the area from shore, and contact RIDEM’s Fisheries 

enforcement division if they observe boating or collection activity within the restricted area. 

Long term monitoring would be required in the areas that exceed PRGs for human health and for which 

institutional controls are set. This effort would support the institutional controls by continually 

determining the sediment contaminant concentrations in excess of the PRGs. If several rounds of data 

showed a decrease in the sediment concentration, the remedy could then be reviewed. Sediment, clam 

and lobster samples would be collected annually for measurement of contaminant concentrations at the 

two areas where PRGs are exceeded. These data will be compared against the PRGs, and reported 

annually. 

A PDI would be performed to better delineate the area to be dredged under either variation of this 

alternative. Under Alternative 3A, the PDI would be performed at all areas where previous data 

indicated contaminant concentrations above the recommended PRGs stated in Section 2. These areas 

are depicted on Figure 4-2A. This sampling would be performed to better delineate the sediments 

within and near these areas where the recommended ecological PRGs were exceeded. This operation 

would use a sampling grid with sampling points 200 feet apart, resulting in approximately 34 sample 

stations. 

The PDI will evaluate the technical details required for dredging, including use of barges or pier space, 

the need to move the warships currently docked at Pier 1. The area to be dredged will be reevaluated 

to determine the presence of wetland resource areas or special habitats that would need to be 

mitigated either on-site or elsewhere in Narragansett Bay. 

The PDI would also develop additional information to aid in selecting dredging methods and designing 

de-watering, materials handling, and turbidity control measures. The PDI under either alternative would 

be performed using a series of sediment borings to locate the horizontal and vertical extfent of 

sediments with COCs in excess of the ecological PRGs selected and to gather geotechnical information. 

Under either alternative, borings would be advanced 5 feet below sediment surface, and four samples 
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from each depthlO-0.5 feet, 0.5-1.5 feet, 2.0-3.0 feet, and 4.0-5.0 feet) would be collected for 

screening analysis of PAHs and laboratory analysis of lead and copper. Twenty percent of the samples 

would be split for laboratory analysis of PAHs and PCBs. A pre-design report would be prepared 

delineating the areas that would be dredged, that is, the areas where selected PRGs are exceeded. 

Contaminated sediment would be dredged using a method selected to minimize water column turbidity, 

yet produce a residue of the lowest water content possible. The final determination of the most 

appropriate dredging techniques would be made following the PDI, based on sediment grain size 

distribution and dewatering options, and the horizontal and vertical extent of sediment to be removed. 

However, for the purposes of the FS it is assumed that removal would be accomplished by a 

combination of mechanical and suction dredging conducted from a barge or the piers. 

All dredged sediment would be staged and processed as follows. Dredged materials w’ould be 

transported to Pier 1, sampled for hazardous characteristics, de-watered and then staged at onshore 

portions of the site for final processing before being transported off site for disposal. An estimated 

33,651cubic yards of sediment would be excavated as part of Alternative 3A. The affected areas are 

shown on Figure 4-2A, and include stations 2, 3, 20, 27, 28, and 29. Based on currently available data, 

sediment would be dredged to a depth of between 0.5 feet and 4.0 feet. Some limitations on depth 

precision will be incurred due to the accuracy limitations of dredging equipment. Bulky mlaterials 

including pipe, conduit, cable etc. would be removed from the target area to allow use of cutterhead or 

regular suction dredging equipment. 

Solids would be de-watered, and further processing of the solids would be accomplished prior to 

disposal in a RCRA Subtitle C or D facility, if deemed necessary. Free liquid would be removed from the 

sediment, since landfill facilities are prohibited from accepting materials that contain excess free liquid. 

The separated liquid would be tested prior to discharge to the bay. For the purpose of this FS, removal 

of free liquid would be accomplished through gravity draining in addition to addition of a “drying” agent. 

Disposal contractors suggest using fly ash for this application. Finally, additives may be combined with 

the sediment to chemically or physically immobilize (stabilize) contaminants prior to transport and 

disposal. 

Material brought to the site for mixing with the sediment will be tested prior to use. Testing parameters 

will include RCRA C waste characteristics, as well as any additional information needed by the fiunal 

receiving facility for disposal. Testing results would be provided to the regulatory authorities for 
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approval prior to allowing this material on site. This activity would be conducted within a defined 

drainage and mixing location. 

Stabilized sediment samples would be collected and analyzed to verify that the material meets land 

disposal criteria prior to transport for off-site disposal. Evaluation of the existing sediment analytical 

data indicates that the contaminant levels are low enough that the material will likely meet 

requirements for disposal in a RCRA Subtitle D landfill without treatment. However, an allowance 

should be made for RCRA-C disposal in case some sediments are found to exceed leachability criteria 

for RCRA-D work. Therefore, it is assumed only for the costing and regulatory considerations of the FS 

that under Aternative 3A, 80 percent or 26,921 cubic yards of the sediment requiring disposal under 

this alternative will be disposed in an off-site RCRA Subtitle D landfill without treatment, It is further 

assumed that 20 percent, or 6,730 cubic yards of the material will require treatment and disposal as 

RCRA C waste material. Due to the large estimated volume of dredge material from the off-shore 

areas, transport to the receiving facilities will need to be performed in phases, carried out over ;a period 

of 6 months or more. 

Water from the sediment de-watering process would be treated to meet applicable state and federal 

discharge standards prior to discharge into Narragansett Bay. Water would be treated by means of a 

skid-mounted clarifier and filtration system. The clarifier would remove inorganic constituents by 

precipitation. Unsettled metals precipitant and other suspended particles and fines would be removed 

by filtration. Any organic constituents (PAHs and PCBs) present are expected to be adsorbed onto the 

surface of the suspended particles, and thereby removed by filtration along with these particles. The 

need for additional treatment for dissolved contaminants is not anticipated; however, treatment 

requirements would be evaluated during the PDI. 

A floating silt curtain or other appropriate particulate resuspension/turbidity control feature would be 

placed around the perimeter of each removal area during implementation of this alternative. Physical 

features (breakwaters and piers) will be used to the extent possible. Sediment control structures would 

help minimize potential adverse environmental effects associated with sediment suspension. 

Based on previous investigations, the unconsolidated material within the area to be dredged is relatively 

uniform within the upper 2 to 4 feet. Therefore, removal of material within the anticipated depths is not 

expected to significantly alter the composition of the bay floor. Placement of backfill within the dredged 
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area to match existing grades was not considered warranted, and is not consistent with the objectives 

of the designated land use within an industrial port. 

If wetland resource areas (intertidal areas or special habitats such as eelgrass beds) are impacted by the 

dredging activity, these resource areas would require mitigation. Such wetland resource areas do not 

include sheetpiling or other vertical wall structures, they do include rip-rap intertidal shoreline. Such 

areas will be identified in the predesign investigation. 

Because sediments would remain at the site in excess of the recommended PRGs for human health, 5 

year reviews of the selected alternative would be required. 

4.2.4 Alternative 3B: Hot Spot Dredging 

Alternative 3B would involve the institutional controls stated above to protect human receptors from 

contaminants in excess of human-health-based PRGs at stations 18 and 30. It would also include 

dredging actions to remove sediments containing the highest concentrations of contaminants 

anticipated to affect ecological receptors. 

Alternative 3B (Hot Spot Dredging), calls for removal and off site disposal of sediments exhibiting a PRG 

HQ of 3 or greater. An intensive pre-design investigation would be performed to identify “hot spots” 

meeting these criteria. Based on current data, sediments from stations 2, 3, 27, 28 and 29 wlould be 

dredged under this alternative. It will allow for removal of sediments from the areas where high 

ecological risk was found. 

Under alternative 3B, the pre-design investigation would be performed at stations 2, 3, 27, 28, and 29, 

although a pre-design investigation would be conducted to refine the affected areas. 

This alternative would involve the following elements: 

. Institutional controls 

. Access restrictions 

. Pre-design investigation 

. Long term monitoring at stations not dredged (assumed to be 8 stations) 

l Sedimentation controls 
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Subgrade preparation/debris removal where necessary 

Dredged sediment dewatering and bulking 

Sediment removal Testing for Hazardous Characteristics 

Possible Decontamination of Debris 

Possible Sediment Stabilization 

Possible water treatment and discharge 

Possible mitigation of wetland resource areas if any are impacted 

Off-base disposal 

Five-year reviews 

Institutional controls would be placed to ban shellfishing and lobster collection at affected areas of 

Coddington Cove. RIDEM’s cooperation would be needed to notify persons with lobster collection 

permits about the boundary of the restricted area, which is depicted on Figure 4-2B. This restriction 

would be publicly posted at shore access points on the western side of Aquidneck Island, ‘and the 

eastern side of Conanicut Island (Jamestown). The restriction would also be appended to the 

paperwork normally distributed to those receiving collection permits. Finally, RIDEM’s fisheries 

enforcement division would patrol the area as it now does for other shellfish closure areas. 

Access restrictions would be placed to prevent access from the shore and from the water. Access 

from the shore is already patrolled at most areas by the NSN police. However, improvements to the 

access restriction would include fencing the shore access to the breakwater that bounds the north side 

of Coddington Cove. This is a known access point for recreational divers. NSN police patrols would 

enforce this restriction, as it currently does for other portions of the base shoreline. 

To prevent access to the affected area by water, a buoy line identifying a “restricted zone” would be 

placed and maintained as shown on Figure 4-2B. Placards would be posted at the ends of the piers 

stating that the area is restricted to Navy vessels only, and access is allowable only by permission of 

the NSN police and the Navy dockmaster. Buoys would be standard USCG “fifth class” buoys (or 

“cans”) marked orange on white with the international navigation hazard pattern. 

The access restriction must be enforced by the Navy police or military personnel. A simple approach 

for enforcement is for the NSN police to observe the area from shore, and contact RIDEM’s Fisheries 

enforcement division if they observe boating or collection activity within the restricted area. 
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Long term monitoring would be required in the areas that exceed PRGs for human health receptors and 

for which institutional controls are set (areas 18, 20, and 30). This effort would support the institutional 

controls by periodic evaluation of the sediment and shellfish conditions. Sediment, clam and lobster 

samples would be collected annually for measurement of contaminant concentrations at the three areas 

where PRGs are exceeded but sediments are not anticipated to be dredged. These data will be 

compared against the PRGs, and reported annually. 

A PDI would be performed to better delineate the area to be dredged under either variation of this 

alternative. Under Alternative 3B, the PDI would be performed at all areas where previous data 

indicated contaminant concentrations above the PRG HQ = 3. These areas are depicted on Figure 4-2B. 

This sampling would be performed to better delineate these sediments. This operation would use a 

sampling grid with sampling points 200 feet apart, resulting in approximately 26 sample stations. 

The PDI will evaluate the technical details required for dredging, including use of barges or pier space, 

the need to move the warships currently docked at Pier 1. The area to be dredged will be reevaluated 

to determine the presence of wetland resource areas or special habitats that would need to be 

mitigated either on-site or elsewhere in Narragansett Bay. 

The PDI would also develop additional information to aid in selecting dredging methods and designing 

de-watering, materials handling, and turbidity control measures. The PDI would be performed using a 

series of sediment borings to locate the horizontal and vertical extent of sediments with COCs in 

excess of the ecological PRGs selected and to gather geotechnical information. Under either alternative, 

borings would be advanced 5 feet below sediment surface, and four samples from each depth (O-O.5 

feet, 0.5-1.5 feet, 2.0-3-O feet, and 4.0-5.0 feet) would be collected for screening analysis of PAHs 

and laboratory analysis of lead and copper. Twenty percent of the samples would be split for 

laboratory analysis of PAHs and PCBs. A pre-design report would be prepared delineating the areas 

that would be dredged, that is, the areas where selected PRGs are exceeded. 

Contaminated sediment would be dredged using a method selected to minimize water column turbidity, 

yet produce a residue of the lowest water content possible. The final determination of the most 
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appropriate dredging techniques would be made following the PDI, based on sediment grain size 

distribution and dewatering options, and the horizontal and vertical extent of sediment to be removed. 

However, for the purposes of the FS it is assumed that removal would be accomplished by a 

combination of mechanical and suction dredging conducted from a barge or the piers. 

All dredged sediment would be staged and processed as follows. Dredged materials would be 

transported to Pier 1, sampled for hazardous characteristics, de-watered and then staged at onshore 

portions of the site for final processing before being transported off site for disposal. An estimated 

30,451 cubic yards of sediment would be excavated as part of Alternative 3B. The affected areas are 

shown on Figure 4-2B, and include stations 2, 3, 27, 28, and 29. 

Based on currently available data, sediment would be dredged to a depth of between 0.5 feet and 4.0 

feet. Some limitations on depth precision will be incurred due to the accuracy limitations of dredging 

equipment. Bulky materials including pipe, conduit, cable etc. would be removed from the target area 

to allow use of cutterhead or regular suction dredging equipment. 

Solids would be de-watered, and further processing of the solids would be accomplished prior to 

disposal in a RCRA Subtitle C or D facility, if deemed necessary. Free liquid would be removed frrom the 

sediment, since landfill facilities are prohibited from accepting materials that contain excess free liquid. 

The separated liquid would be tested prior to discharge to the bay. For the purpose of this FS, removal 

of free liquid would be accomplished through gravity draining in addition to addition of a “drying”’ agent. 

Disposal contractors suggest using fly ash for this application. Finally, additives may be combined with 

the sediment to chemically or physically immobilize (stabilize) contaminants prior to transport and 

disposal. 

Material brought to the site for mixing with the sediment will be tested prior to use. Testing parameters 

will include RCRA C waste characteristics, as well as any additional information needed by the fiunal 

receiving facility for disposal. Testing results would be provided to the regulatory authorities for 

approval prior to allowing this material on site. This activity would be conducted within a defined 

drainage and mixing location. 

Stabilized sediment samples would be collected and analyzed to verify that the material meets land 

disposal criteria prior to transport for off-site disposal. Evaluation of the existing sediment analytical 

data indicates that the contaminant levels are low enough that the material will likely meet 
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requirements for disposal in a RCRA Subtitle D landfill without treatment. However, an allowance is 

made for RCRA-C disposal in case some sediments are found to exceed leachability criteria for RCRA-D 

work. Therefore, it is assumed only for the costing and regulatory considerations of the FS that under 

Aternative 3B, 80 percent or 24,361 cubic yards of the sediment requiring disposal under this 

alternative will be disposed in an off-site RCRA Subtitle D landfill without treatment. It is further 

assumed that 20 percent, or 6090 cubic yards of the material will require treatment and dis,posal as 

RCRA C waste material. 

Water from the sediment de-watering process would be treated to meet applicable state and federal 

discharge standards prior to discharge into Narragansett Bay. Water would be treated by means of a 

skid-mounted clarifier and filtration system. The clarifier would remove inorganic constituents by 

precipitation. Unsettled metals precipitant and other suspended particles and fines would be removed 

by filtration. Any organic constituents (PAHs and PCBs) present are expected to be adsorbed onto the 

surface of the suspended particles, and thereby removed by filtration along with these pat-ticlles. The 

need for additional treatment for dissolved contaminants is not anticipated; however, treatment 

requirements would be evaluated during the PDI. 

A floating silt curtain or other appropriate particulate resuspension/turbidity control feature would be 

placed around the perimeter of each removal area during implementation of this alternative. Physical 

features (breakwaters and piers) will be used to the extent possible. Sediment control structures would 

help minimize potential adverse environmental effects associated with sediment suspension. 

Based on previous investigations, the unconsolidated material within the area to be dredged is relatively 

uniform within the upper 2 to 4 feet. Therefore, removal of material within the anticipated depths is not 

expected to significantly alter the composition of the bay floor. Placement of backfill within the dredged 

area to match existing grades was not considered warranted, and is not consistent with the objectives 

of the designated land use within an industrial port. 

If wetland resource areas (intertidal areas or special habitats such as eelgrass beds) are impacted by the 

dredging activity, these resource areas would require mitigation. Such wetland resource areas do not 

include sheetpiling or other vertical wall structures, they do include rip-rap intertidal shoreline. Such 

areas will be identified in the predesign investigation. 
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Because sediments would remain at the site in excess of the recommended PRGs for human health, 

5 year reviews of the selected alternative would be required. 

4.2.5 Alternative 4: Dredging and Disposal 

This alternative was developed to provide an alternative that reduces or eliminates the on-site toxicity, 

mobility, and volume of contaminated sediment through removal and off-base disposal. All sediment in 

excess of recommended PRGs stated in Section 2 would be removed by an appropriate dredging 

technique selected, in part, by its ability to minimize resuspension of solids into the water column during 

operation. Removal would be conducted over all the areas that were found to have sediments 

exceeding recommended PRGs (see Figure 4-3). Elements of Alternative 4 include: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Controlling sedimentation 

Excavation/dredging all contaminated sediment exceeding PRGs 

De-watering excavated sediments and bulking for disposal 

Testing for Hazardous Characteristics 

Possible Decontamination of Debris 

Possible Sediment Stabilization 

Disposing of excavated sediment in an off-site landfill 

Treating and discharging de-watering fluids 

Possible mitigation of wetland resource areas if any are impacted 

Conducting a 5-year review (year 5 only) 

A PDI would be performed to better delineate the area to be dredged. Under this alternative, ,the PDI 

would be performed at all areas where previous data indicated contaminant concentrations above the 

recommended PRGs. These areas are depicted on Figure 4-3. This sampling would be performed to 

better delineate the sediments within and near these areas where the PRGs were exceeded. This 

operation would set sample stations in a grid pattern 200 feet apart at the shaded areas shown on 

Figure 4-3. This approach would result in location of approximately 45 boring stations. 

The PDI will evaluate the technical details required for dredging, including use of barges or pier space, 

the need to move the warships currently docked at Pier 1. The area to be dredged will be reevaluated 

to determine the presence of wetland resource areas or special habitats that would need to be 

mitigated either on-site or elsewhere in Narragansett Bay. 
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The PDI would also develop additional information to aid in selecting dredging methods and designing 

de-watering, materials handling, and turbidity control measures. The PDI would be performed using a 

series of sediment borings to locate the horizontal and vertical extent of sediments with COCs in 

excess of the ecological PRGs selected and to gather geotechnical information. Approximately 45 

sediment borings would be advanced using Vibracoring techniques to 5 feet below sediment surface, 

and four samples from each depthtO-0.5 feet, 0.5-1.5 feet, 2.0-3-O feet, and 4.0-5.0 feet) would be 

collected for screening analysis of PAHs and laboratory analysis of lead and copper. Twenty percent of 

the samples would be split for laboratory analysis of PAHs and PCBs. A pre-design report vvould be 

prepared delineating the areas that would be dredged, that is, the areas where selected PRGs are 

exceeded. 

Contaminated sediment would be dredged using a method selected to minimize water column t:urbidity, 

yet produce a residue of the lowest water content possible. The final determination of the most 

appropriate dredging techniques would be made following the PDI, based on sediment grain size 

distribution and dewatering options, and the horizontal and vertical extent of sediment to be removed. 

However, for the purposes of the FS, it is assumed that removal would be accomplished by a 

combination of mechanical and suction dredging conducted from a barge or the piers. 

All dredged sediment would be staged and processed as described below. Dredged materials would be 

transported to Pier 1, tested for hazardous characteristics, de-watered, and then staged onshore for 

final processing before being transported off site for disposal. An estimated 50,994 cubic yards of 

contaminated sediment would be excavated as part of Alternative 4. Surface sediment is anticipated 

to be dredged to depths of between 0.5 feet and 4.0 feet below the top of the sediment. Table 2-3 

describes the depths of sediment contaminants at concentrations exceeding PRGs based on currently 

available data. Some limitations on depth precision will be incurred due to the accuracy limitations of 

dredging equipment. 

The sediment would be de-watered and processed prior to disposal in a RCRA Subtitle C or D facility. 

Free liquid would be removed from the sediment, since landfill facilities are prohibited from accepting 

materials that contain excess free liquid. The separated liquid will be treated, if necessary, prior to 

discharge to the bay. For the purposes of this FS, it is anticipated that removal of free liquid would be 

accomplished through gravity draining in addition to stabilization with a “drying” agent such as lime, 

cement, or fly ash. This activity would be conducted within a defined drainage and mixing location that 
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will meet applicable waste handling standards. Actual dewatering operations and requirements would 

be determined following completion of the pre-design investigation. Finally, a stabilization agent may be 

added to the sediment to chemically or physically immobilize contaminants. 

Dewatered and stabilized sediment samples would be collected and analyzed (one sample per 700 cubic 

yards) to verify that the material meets land disposal criteria before being transport for off-site disposal. 

Evaluation of the existing sediment analytical data indicates that the contaminant levels are low enough 

that the material will likely meet requirements for disposal in a RCRA Subtitle D landfill without 

treatment. However, an allowance should be made for RCRA-C disposal in case some sediments are 

found to exceed leachability criteria for RCRA-D waste. Therefore, it is assumed only for the costing 

and regulatory considerations of the FS that 80 percent, or 40,700 cubic yards of the sediment 

requiring disposal under this alternative, will be disposed in an off-site RCRA Subtitle D landfill without 

treatment. It is further assumed that 20 percent, or 10,200 cubic yards of the material will require 

treatment and disposal as RCRA C waste material. Because of the large estimated volume of dredge 

material, transport to the receiving facilities will need to be performed in phases, carried out over a 

period of 8 months or more. 

Water from the sediment de-watering process would be treated to meet applicable state and federal 

discharge standards prior to discharge into Narragansett Bay. Water would be treated by means of a 

skid-mounted clarifier and filtration system. The clarifier would remove inorganic constituents by 

precipitation. Unsettled metals precipitant and other suspended particles and fines would be removed 

by filtration. Any organic constituents (PAHs and PCBs) present are expected to be adsorbed onto the 

surface of the suspended particles, and thereby be removed by filtration along with these particles. 

Based on available data, the need for additional treatment for dissolved contaminants is not anticipated; 

however, treatment requirements would be more completely evaluated during the PDI and through a 

pilot test. 

A floating silt curtain or other appropriate particulate resuspension/turbidity control feature would be 

placed around the perimeter of each removal area during implementation of this alternative. Physical 

features (breakwaters and piers) would be used to the extent possible. Sediment control structures 

would help minimize potential adverse environmental effects associated with sediment suspension. 

Based on previous investigations, the sediment within the area to be dredged is relatively uniform within 

the upper two to four feet (refer to Figure I-5). Therefore, removal of this material is not expected to 
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significantly alter the composition of the floor. Placement of backfill within the dredged area to match 

existing grades was not considered warranted and not consistent with the objectives of the designated 

land use within an industrial port. 

If wetland resource areas (intertidal areas or special habitats such as eelgrass beds) are impacted by the 

dredging activity, these resource areas would require mitigation. Such wetland resource areas do not 

include sheetpiling or other vertical wall structures, they do include rip-rap intertidal shoreline. Such 

areas will be identified in the predesign investigation. 

4.3 SCREENING OF ALTERNATIVES 

Screening is conducted to eliminate alternatives that do not achieve protection of human health or the 

environment or do not enhance the range of available alternatives. Alternatives are eliminated if they 

are determined to be significantly less effective than other more promising alternatives, are not 

technically or administratively implementable, or have measurably higher costs. 

The alternatives developed and described are considered to represent an appropriate range of 

remediation alternatives for impacted sediment at all locations. All alternatives are considered effective 

and implementable. Therefore, all five alternatives are retained for detailed analysis. 
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5.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

The detailed analysis of alternatives provides relevant information to support selection of a remedial 

action. Each alternative remaining following the screening process (see Table 4-1) is more fully 

developed and further evaluated according to a prescribed set of criteria. The evaluation results are 

used to compare alternatives and identify key tradeoffs between the options, as well as to provide a 

basis for regulatory agency and public review of potential remediation alternatives for the site. 

Section 5.1 describes the criteria used to support the detailed analysis. Section 5.2 presents a brief 

description and a detailed evaluation of each site alternative, based on these criteria, along with a 

comparative analysis of the developed alternatives. Section 5.3 presents a summary of comparison of 

these alternatives pertaining to the evaluated criteria. 

5.1 CRITERIA FOR DETAILED ANALYSIS 

In accordance with the NCP and CERCLA guidance, the detailed analysis of alternatives was coinducted 

in accordance with nine evaluation criteria. These criteria are divided into three groups: threshold 

criteria related to statutory requirements; balancing criteria that are technical in nature; and m’odifying 

criteria that are formally assessed following a public review and comment period. The nine ev,aluation 

criteria include the following: 

Threshold Criteria 

l Overall protection of human health and the environment 

l Compliance with applicable or relevant and appropriate requirements (ARARs) and to be 

considered guidance (TBCs) 

Balancing Criteria 

. Long-term effectiveness and permanence 

. Reduction of toxicity, mobility, or volume through treatment 

l Short-term effectiveness 

. Implementability 

. cost 
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Modifying Criteria 

0 State acceptance 

e Community acceptance 

A description of each criterion and a discussion of how each applies to the types of alternatives being 

evaluated are described as follows: 

THRESHOLD CRITERIA 

Overall Protection of Human Health and the Environment: The primary concern, and one of the 

statutory requirements in remedy selection, is the overall protection of human health and the 

environment. The evaluation of protection is based on the ability of the remedy to eliminate, reduce, or 

control current and potential future exposure risks to human and ecological receptors throuigh each 

applicable exposure pathway. This protection may be in the form of treatment, engineering controls, 

and/or institutional controls. The overall determination of protection draws on assessments conducted 

under other evaluation criteria, especially long-term effectiveness and permanence, short-term 

effectiveness, and compliance with ARARs. Furthermore, evaluation of protection considers short-term 

risks or cross-media impacts posed by implementation of a remedy. 

This criterion will be used to evaluate the effectiveness of each alternative in eliminating, reducing, or 

controlling human health and environmental risks at the site. The effectiveness issues related to 

alternatives for the site will be based on human health risks (consumption of contaminated shellfish 

tissue by subsistence fishermen) and environmental risks of toxic effects to aquatic receptors from 

resuspended and bedded sediments. The criterion will be evaluated based on the ability of the 

alternative to meet the recommended PRGs as described in Section 2. 

Compliance with ARARs: Compliance with ARARs is one of the statutory requirements for selec:tion of 

a remedy. This evaluation criterion is used to determine whether each alternative will meet all of its 

respective ARARs or whether justification exists for one of the six ARAR waivers allowed under 

CERCLA. Chemical-, location-, and action-specific ARARs are reviewed as they apply to each 

alternative. Alternatives are refined, as necessary, to ensure compliance with these requirements. 

This criterion will be used to evaluate each alternative in complying with chemical- and location-specific 

federal and state ARARs and TBCs for protection of human health and the environment. Alternatives 
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requiring sediment monitoring and removal, coupled with subsequent disposal or treatment iactivities, 

will also be evaluated for compliance with action-specific ARARs related to sediment handling, 

sediment treatment and/or disposal, as well as treatment and discharge of water genera,ted from 

sediment dewatering activities. 

BALANCING CRITERIA 

Long-Term Effectiveness and Permanence: Alternatives are assessed in terms of their long-term 

effectiveness and degree of permanence in offering protection of human health and the 

environment following implementation. The evaluation focuses on the extent and effectiveness of 

controls required to manage risks remaining on the site following completion of the remedial 

action. The analysis considers the magnitude of risks to human and ecological receptors from 

residuals (untreated waste or treatment by-products) remaining on site at the completion of 

remedial activities, the adequacy of engineering and/or institutional controls to manage residuals, 

the reliability of the controls to provide continued protection from residuals, and potential needs to 

maintain and/or replace technical components of an alternative. 

This criterion will be used to evaluate each alternative for its ability to manage risks remaining on 

site following implementation. The no action, limited action, and some of the limited dredging 

alternatives will be evaluated based on future risks associated with leaving sediment contaminants 

on site. The remaining alternatives will be evaluated in relation to the management of residuals 

formed as a result of sediment excavation/dredging operations, dewatering activities, and disposal. 

Evaluation of alternatives will further address potential risks associated with residuals rernaining 

following sediment treatment. 

Reduction of Toxicity, Mobility, or Volume through Treatment: Alternatives are evaluated to 

address the statutory preference for remedies that employ treatment as a principal elemlent to 

reduce toxicity, mobility, or volume of hazardous substances. The evaluation focuses on the 

following factors: 

. Treatment processes employed by the remedy, as well as the materials they will treat 

. Amount of.hazardous materials to be destroyed or treated. 

. Degree of expected reduction in toxicity, mobility, or volume, including how the principal 
threats will be addressed. 
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* Degree to which the treatment will be irreversible. 

0 Type and quantity of treatment residuals that remain following treatment. 

e Whether the alternative satisfies the statutory preference for treatment as a principal 

element. 

This criterion will be used to evaluate the effectiveness of alternatives that incorporate treatment 

of sediments, thereby reducing risks by destroying sediment contaminants and generating process 

residuals, as well as reducing the volume of and prohibiting mobility of sediment contaminants. 

Other alternatives will be evaluated for their ability to reduce mobility and/or their effectiveness in 

reducing risks through natural attenuation processes, containment, or removal with off-site 

disposal. 

Short-Term Effectiveness: The short-term effectiveness criterion assesses potential effects to 

human health and the environment during the construction and implementation phase of a remedy 

until remedial response objectives are met. The analysis includes considering protection of both 

the community and on-site workers during remedial activities, environmental impacts that may 

result from construction or rmplementation activities, the reliability of measures to be taken to 

prevent or reduce potential impacts, and estimating the time required to meet remedial response 

objectives. 

This criterion will be used to evaluate each alternative for its ability to protect human health and 

the environment during implementation, as well as during any associated long-term monitoring 

activities. While no-action alternatives require no implementation activities, limited-action 

alternatives will be evaluated for the protection they offer during implementation of institutional 

controls, use restrictions, and long-term monitoring. Evaluation of the remaining alternatives will 

address sediment containment or sediment removal and dewatering activities. The time required 

by each alternative to reach the sediment cleanup goals will also be assessed. 

Implementability: Implementability considerations include the technical and administrative 

feasibility of implementing an alternative, as well as the availability of goods and services on 

which the viability of the alternative depends. These considerations often affect the timeliness of 

undertaking an alternative. 

W5298195F 5-4 CT0 302 



Technical feasibility issues include: 

e Ability to construct and operate an alternative as a whole 

0 Likelihood of a technology to meet specified process efficiencies and performance goals 

l Ease of undertaking any required future remedial actions 

l Ability to monitor the effectiveness of the remedy 

Administrative feasibility deals with the activities needed and time required to coordinate with 

various federal, state, and local agencies in obtaining any necessary approvals and permits.. 

Issues related to the availability of goods and services include: 

. Accessibility of adequate capacity and location of needed treatment, storage, and {disposal 
services 

. Ease in obtaining necessary equipment and specialists, and provisions to ensure any 
additional resources 

l Timing and availability of technologies under consideration 

. Availability of services and materials, plus the potential for obtaining competitive bicls 

These issues will be reviewed to evaluate the implementability of each remedial alternative. Issues 

will also be evaluated for both the ease of implementation and associated time frame required to 

coordinate subcontractors, activities, and required regulatory approvals. 

Cost: This criterion encompasses all capital outlays, as well as O&M costs incurred over the 

lifetime of the remedial action. The detailed analysis of costs associated with each alternative will 

be based on accurate cost estimates and net present worth cost analysis for a 30-year period of 

performance. 

MODIFYING CRITERIA 

State Acceptance: State acceptance, an ongoing concern throughout the remedial process, 

reflects the statutory requirement to provide for substantial and meaningful state involvement. 

State acceptance must be considered during remedy selection. 
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This criterion will not be evaluated until the RIDEM has reviewed and provided comments on the 

FS report. Therefore, this criterion will not be included in the detailed analysis. RIDEM comments 

will be addressed through the comment response process as required by NSN’s FFA. In this 

manner, their concerns and issues will be incorporated into later versions of this FS report. 

Community Acceptance: Community acceptance refers to the issues and concerns of “all 

interested parties”, as they relate to each of the alternatives under consideration. Community 

acceptance must be considered during remedy selection. 

This criterion will not be evaluated until the NSN Restoration Advisory Board (RAB) has reviewed 

and provided comments on the FS report, and the public has been invited to ask questions based 

on the proposed plan and share their concerns during the public comment period. Therefore, this 

criterion will not be included in the detailed analysis. 

5.2 INDIVIDUAL ANALYSIS OF REMEDIAL ALTERNATIVES 

Five remedial alternatives remain for the site following screening conducted in Section 4. These 

alternatives were developed to address risks to the environment (exposure of aquatic receptors to 

contaminants in bedded and resuspended sediment) and human health (exposure of persons ingesting 

shellfish taken from the area). In Sections 5.2.1 through 5.2.4, each alternative is described and 

analyzed in relation to the two threshold criteria and the five balancing criteria, as described in Section 

5.1. A comparative analysis of the alternatives is summarized in Section 5.2.5. Detailed cost estimates 

and associated assumptions for each alternative are presented in Appendix D. 

Alternative 1: No Action 

Consideration of a no-action alternative is required under the NCP. At a minimum, it provides a baseline 

against which other alternatives may be compared. This alternative would involve no remedial response 

activities with respect to impacted marine sediment at Coddington Cove. No containment, removal, or 

treatment of sediment contaminants would be conducted. The alternative would provide no mechanism 

to minimize potential risks to ecological or human receptors. Because sediment containing COCs in 

excess of the recommended PRGs would remain on site, a 5-year review of site conditions and risks 

would be required under the NCP. 
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An analysis of this alternative with respect to the evaluation criteria is as follows: 

Overall Protection of Human Health and the Environment: Alternative 1 would not meet the RAOs for 

the protection of the human health or the environment. This alternative would offer little or no 

protection of the environment, because it would not address potential risks through eliminating, 

reducing, or controlling exposures to impacted site sediment. Sediment contaminants would not be 

contained or removed, no institutional controls or use restrictions would prohibit future access to the 

area, and no reduction of exposure to humans through ingestion of shellfish would be achieved. 

Potential for exposure would remain in the exposure zones identified in Section 2. Potential risks 

remaining to the human health and the environment would include: 

Marine aquatic receptors could continue to be impacted by lead, copper, and PCBs in resuspended 

sediments at concentrations exceeding recommended PRGs, and as high as 3.3 mg/Kg PCBs 

(station 271, 262 mg/Kg copper (station 3) and 201 mg/Kg lead (station 3). 

Marine aquatic receptors could continue to be impacted by PCBs and high-molecular weight PAHs 

(HMW PAHs) in bedded sediments at concentrations exceeding recommended PRGs and as high as 

72.9 mg/Kg HMW PAHs (station 3) and 3.3 mg/Kg PCBs (station 27). 

Subsistence fishermen could continue to be exposed to contaminants through ingestion of shellfish 

and lobster from the site that have been affected by contaminated site sediments. Subsistence 

fishermen could have an increased incremental cancer risk of between 5.7E-4 and 1.4E-4 or non- 

cancer HI of between 3.9 and I .2, presuming that these individuals ingest 36.5 meals per year of 

shellfish from the affected areas. However, these risks are likely to be over estimated due to the 

use of inorganic arsenic in the risk calculations. 

Because contaminants would remain at the site, 5-year reviews would be conducted, as required by 

CERCLA, to assess changing site conditions and potential risks. Results of the review would be used to 

determine the need to implement future remedial actions at the site. 

Compliance with ARARs: Tables 5-1, 5-2, and 5-3 identify chemical-, location-, and action-specific 

ARARs and TBCs, for Alternative 1. This section provides a summary of the alternatives, overall 

compliance with ARARs and describes what actions would be taken to achieve ARARs. 
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TABLE 5-1 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 1: NO ACTION 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement Citation 

EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs) 

EPA Risk Reference 
Doses (RfDs) 

Clean Water Act, 
Section 304 

ITATE OF RHODE ISLAND REQUIREMENTS 
I Requirement Citation 

40 USC 1314; 
40 CFR 122.44 

L 

Water Pollution 
Control 

Status 

To Be 
Considered 

To Be 
Considered 

Relevant 
and 
Appropriate 

RlGL 46-l 2 et 
seq.; ENVM 
112-88.97-l 

Status 

Relevant 
and 
Appropriate 

Synopsis of Requirement 

These are guidance values used to 
evaluate the potential carcinogenic 
hazard caused by exposure to 
contaminants. 

Toxicity values for evaluating non- 
carcinogenic hazards from 
exposures to contamination. 

Guidelines established for the 
protection of human health and /or 
aquatic organisms. These 
guidelines are used by states to set 
water quality standards for surface 
water. 

Synopsis of Requirement 

Establishes water use ciassification 
and water quality criteria for waters 
of the state. Also establishes 
acute and chronic water quality 
criteria for the nrn+--+L-n A ---n-d- pl”rbbrl”ll vt clL(“cILIL 
life. 

Action to Be Taken to Attain ARAR 

To be used to compute the individual 
incremental cancer risk resulting from 
exposure to carcinogenic contaminants in 
site media. The no-action alternative 
does not meet these criteria. 

Used to characterize human health risks 
due to non-carcinogens in site media. 
The no-action alternative does not meet 
these criteria. 

These standards are relevant and 
appropriate for sediment PRGs derived 
using these water quality criteria 
(including equilibrium partitioning). This 
alternative fails to meet this standard 
since sediment PRGs derived from water 
quality criteria are not adequately 
addressed by the remedy. 

Action to Be Taken to Attain ARAR 

These standards are relevant and 
appropriate for sediment PRGs derived 
using these water quality criteria 
(including equilibrium partitioning). This 
alternative faiis to meet this standard 
since sediment PRGs derived from water 
quality criteria are not adequately 
addressed by the remedy. 

4 



TABLE 5-2 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 1: NO ACTION 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

There are no federal location-specific 
ARARs. 

CT STATE OF RHODE ISLAND REQUIREMENTS 
CD 

I Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR I 

There are no state location-specific ARARs. 



TABLE 5-3 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 1: NO ACTION 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

There are no federal action-specific ARARs. 

STATE OF RHODE ISLAND REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

There are no state action-specific ARARs. 



Alternative 1 fails to meet sediment PRGs that have been derived from federal and state water quality 

chemical specific ARARs. There are no location-specific or action-specific ARARs for this alternative. 

Long-Term Effectiveness and Permanence: The no-action alternative would offer no long-term 

effectiveness or permanence in addressing sediment contamination at the site. The existing risks to 

human and ecological receptors would remain, and no controls would be provided to manage future 

exposures to sediment contaminants. Potential contaminant migration pathways would not be 

addressed. Because sediments with COCs at concentrations in excess of the recommended PRGs 

would remain on site, a 5-year review would be required. 

Reduction of Toxicity, Mobility, or Volume through Treatment: This alternative would not include any 

sediment treatment processes or, sediment contaminant removal. Therefore, the alternative would 

offer no reduction in toxicity, mobility, or volume of contamination through treatment. Naturally 

occurring degradation or attenuation processes may occur; however, these processes are anticipated to 

be very slow due to the nature of the site contaminants. 

Short-Term Effectiveness: Since no remedial activities are associated with implementation of this 

alternative, no short-term effects would occur. No increase or reduction in short-term risks would be 

offered to the local community, the personnel at NSN, or the environment. Furthermore, rremedial 

response objectives would not be achieved. 

Implementability: This alternative would require no implementation other than completion of the 5-year 

reviews. This activity would not require any permits, but it may require a minimal amount of 

coordination between regulatory agencies. Implementation of the no-action alternative would not limit 

future implementation of additional remedial actions at the site. 

Cost: A detailed estimate of capital, O&M, and present-worth costs for Alternative 1 is provided in 

Appendix D and is summarized below. Present-worth costs were developed for a 30-year period at a 7 

percent discount rate. 
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5.2.2 Alternative 2: Limited Action 

Alternative 2 is a limited action option that would provide no direct remedial response activities. No 

containment, removal, and/or treatment of contaminated marine sediments would be conducted. This 

alternative would provide access restrictions preventing recreational and commercial fishilng boats 

within the affected areas of Coddington Cove, and institutional controls consisting of an enforceable 

ban on shellfishing and lobster collection to reduce risk to human health. A long-term mlonitoring 

program and 5-year reviews would be conducted to evaluate risks to aquatic ecological receptors posed 

by the sediment contaminants. 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

Overall Protection of Human Health and the Environment: Alternative 2 would meet the RAOs for 

protection of human health by through institutional controls designed to prevent human ingestion of 

shellfish and lobster from the exposure zones described in Section 2. It is assumed that the shellfish 

and lobster within these areas are impacted by sediment COC concentrations exceeding the selected 

PRGs. Through the placement of fencing, signs, and buoys, and through police enforcement of the 

access limitation and the shellfishing/lobster ban, this alternative would reduce the likelihood of shellfish 

and lobster collection from this site at a volume that would pose unacceptable risk to persons ingesting 

shellfish and lobster taken from the site. This alternative would only be effective with adequate 

enforcement of the lobstering and shellfishing ban by the State and NSN police. 

Potential for aquatic receptor exposure would remain within the exposure zones described in Section 2 

therefore, Alternative 2 would not meet the RAOs for the protection of the environment. Potential risks 

to aquatic receptors would remain: 

. Marine aquatic receptors could continue to be impacted by lead, copper, and PCBs in resuspended 

sediments at concentrations exceeding recommended PRGs, and as high as 262 mg/Kg copper 

(station 31, 201 mg/Kg lead (station 31, and 3.3 mg/Kg PCBs (station 27). 

. Marine aquatic receptors could continue to be impacted by contaminants in bedded sediments 

resulting in exposure to PCBs and HMW PAHs at concentrations exceeding recommendecl PRGs, 

and as high as 72.9 mg/Kg HMW PAHs (station 3) and 3.3 mg/Kg PCBs (station 27). 
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The limited action alternative would provide a means of evaluating potential risks on a continual basis 

through implementation of the long-term monitoring program. Although long-term monitoring vvould not 

provide protection to the environment, it would document changes in sediment quality that may affect 

future exposure and associated risks to aquatic receptors. A 5-year review would be conclucted to 

assess changing site conditions and potential risks. Results of the review would be used to cletermine 

the need to implement future remedial actions at the site. 

The effectiveness of the lobstering ban is somewhat limited due to the mobility of lobster. There 

is an assumption that most of the lobsters impacted by the contaminants in the sediment will 

remain in the area. However, lobsters do move around, and will cross the boundaries at their own 

preference. However, many lobsters are territorial, and are less prone to distant movement. 

Therefore, the lobstering ban will reduce the risk to humans by elimination of the harvest of the 

most heavily impacted of the animals. The effectiveness of the shellfishing ban would be high, 

because the bivalves that are present in this area are not particularly mobile. 

Compliance with ARARs: Tables 5-4, 5-5, and 5-6 summarize chemical-, location-, and action-specific 

ARARs and TBCs, respectively for Alternative 2. This section provides a summary of the alternative’s 

overall compliance with ARARs and describes what actions would be taken to achieve ARARs. 

Alternative 2 fails to meet sediment PRGs that have been derived from federal and state water quality 

chemical-specific ARARs. 

Alternative 2 fails to meet location-specific ARARs that require that the action proposed be protective 

of wetland and flood plains. However, this alternative includes actions to evaluate whether degradation 

or improvement of the subtidal wetlands is occurring. All other state and federal location-specific 

ARARs would be achieved by coordinating with appropriate agencies to minimize adverse effects to 

fish, wildlife, and endangered species; and conducting activities in accordance with applicable 

regulations. 

Long-Term Effectiveness and Permanence: 

The access restrictions and institutional controls would offer long-term protection of human health, 

provided that the shellfishing ban was adequately enforced. Because contamination would remain in 

place, enforcement would be essential to maintaining the level of protectiveness. 
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r 
FEDERAL REQUIREMENTS 

Requirement 

EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs) 

EPA Risk Reference 
Doses (Rf Ds) 

Clean Water Act, 
Section 304 

STATE OF RHODE ISLA 

Requirement 

Water Pollution 
Control 

TABLE 5-4 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 2: LIMITED ACTION 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

Citation 

40 USC 1314; 
40 CFR 122.44 

Citation 

These are guidance values used to 

To Be Toxicity values for evaluating non- 
Considered carcinogenic hazards from 

exposures to contamination. 

Relevant 
and 
Appropriate 

D REQUIREMENTS 

RIGL 46-l 2 et 
seq.; ENVM 
112-88.97-1 

Guidelines established for the 
protection of human health and /or 
aquatic organisms. These 
guidelines are used by states to set 
water quality standards for surface 
water. 

Status 

Relevant 
and 
Appropriate 

I 1 
J 

Synopsis of Requirement 

fstablishes water use classification 
and water quality criteria for waters 
of the state. Also establishes 
a,.,,+~ snrl ,.hrnn;r anra+-- -..-I:*.- “““L” “ll” “III”I,,cI Y” LGI yucl ILy 

criteria for the protection of aquatic 
life. 

Action to Be Taken to Attain ARAR 

To be used to compute the individual 
incremental cancer risk resulting from 
exposure to carcinogenic contaminants in 
site media. The limited action alternative 
eliminates exposure to human receptors, 
so these criteria will be met. 

Used to characterize human health risks 
due to non-carcinogens in site media. 
The limited action alternative eliminates 
exposure to human receptors, so these 
criteria will be met. 

These standards are relevant and 
appropriate for sediment PRGs derived 
using these water quality criteria 
(including equilibrium partitioning). This 
alternative fails to meet this standard 
since sediment PRGs derived from water 
quality criteria are not adequately 
addressed bv the remedv. 

Action to Be Taken to Attain ARAR 

These standards are relevant and 
appropriate for sediment PRGs derived 
using these water quality criteria 
iinciuding equiiibrium partitioning]. This 
alternative fails to meet this standard 
since sediment PRGs derived from water 
quality criteria are not adequately 
addressed by the remedy. 



TABLE 5-5 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 2: LIMITED ACTION 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

FOFRAI RFC)IIIRFMFNTS ---..- -- .----...-._.-.-. - 

Requirement 

Executive Order 11990 
RE: Protection of 
Wetlands 

Executive Order 11988 
RE: Flood plain 
management 

Fish and Wildlife 
Coordination Act 

Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

40 CFR Part 6, Applicable This order requires federal agencies If wetlands, as defined by 
Appendix A to take action to avoid adversely Executive Order 11990, are 

impacting wetlands wherever identified at the site, and if these 
possible, to minimize wetlands wetlands may be disturbed by 
destruction and to preserve the the remedial action, the action 
values of wetlands, and to will be performed to minimize 
prescribe procedures to implement the wetland destruction and 
the policies and procedures of this preserve the value of the 
executive order. wetland. 

40 C.F.R. Part Applicable The order requires Federal agencies If flood plains are present at the 
6, Appendix A to evaluate the potential effects of site, and these flood plains are 

actions it may take within a disturbed by the removal action, 
designated loo-year Flood plain of the action will be performed to 
a waterway to avoid adversely minimize destruction and 
impacting flood plains wherever preserve the value of the flood 
possible. plain. Flood plains damaged by 

the action will be mitigated. 
16 USC Part Applicable This statute requires consultation Appropriate agencies will be 
661 et. seq.; with appropriate agencies to consulted to find ways to 
40 CFR 122.49 protect fish and wildlife when minimize adverse effects to fish 

federal actions result in control or and wildlife through monitoring 
structural modification of a body of the presence of contaminants. 
water or to critical habitat upon Data from monitoring projects 
which endangered or threatened will be distributed to these 
species depends. agencies if it is requested. 

Rivers and Harbors Act, 33 USC 403; Applicable Sets forth criteria for obstructions Installation of access restriction 
Section 10 

^^ A-- - 
3s Cl-K PartS and alterations of navigable waters. markers will be performed in 
165, 320-323 compliance with regulations and 

permitting requirements of these 
statutes. 



TABLE 5-5 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

2 

i 

ALTERNATIVE 2: LIMITED ACTION 
FORMER ROBERT E. DERECKTOR SHIPYARD 

M 

%i 
NSN - NEWPORT, RHODE ISLAND 

-?I .PAGE 2 of 3 

FEDERAL REQUIREMENTS (Cont’d) 
Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 

ARAR 
Endangered Species Act 16 USC 1531 Applicable If a location contains a federal The federally endangered 

et seq., 50 CFR endangered or threatened species loggerhead turtle (Caretta 
Part 200, 50 or its critical habitat, and an action caretta) and federally threatened 
CFR Part 402 may impact the species or its Kemp’s ridley turtle 

habitat, the U.S. Fish & Wildlife (Lepidochelys kempi) occur in 
Service or the National Marine the waters of Narragansett Bay. 
Fisheries Service must be Appropriate agencies will be 
consulted. consulted to find ways to 

minimize adverse effects to the 
listed species and its habitat 
from monitoring activities. 

Coastal Zone 16 USC Parts Applicable Requires that any actions must be The entire site is located in a 
Management Act 1451 et. seq. conducted in a manner consistent coastal zone management area, 

with state approved management therefore, activities conducted 
programs. under this alternative would be 

conducted in compliance with 
applicable coastal zone 
management requirements. 

National Historic 16 USC 470 et Applicable Requires action to take into Historic vessels may be sunken 
Preservation Act seq., 26 CFR account effects on properties in the area. Monitoring activities 

Part 800 included on or eligible for the will be carried out to minimize 
National Register of Historic Places potential harm to historic sites. 
and minimizes harm to National 
Historic Landmarks 



TABLE 5-5 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 
ALTERNATIVE 2: LIMITED ACTION 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NSN - NEWPORT, RHODE ISLAND 
PAGE 3 of 3 

STATE OF RHODE ISLAND REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Coastal Resources RIGL 46-23-l Applicable Sets standards for management and The entire site is located in a 
Management et seq. protection of coastal resources. coastal resource management 

area, therefore, activities 
conducted under this alternative 
would be conducted in 
compliance with applicable 
coastal resource management 
requirements. 

Endangered Species Act RIGL 20-37- 1 Applicable Regulates activities affecting state- The state listed loggerhead turtle 
et seq. listed endangered or threatened (Caret@ caretta) and Kemp’s 

species or their critical habitat. ridley turtle (Lepidochelys kempi/ 
in the waters of Narragansett 
Bay. Appropriate agencies will be 
consulted to find ways to 
minimize adverse effects to the 
listed species and its habitat from 
monitoring activities. 



TABLE 5-6 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 2: LIMITED ACTION 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement 

Rivers and Harbors 
Act, Section 10 

Citation 

33 USC 403; 
33 CFR Parts 
165,320-323 

Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Applicable Sets forth criteria for obstructions Installation of access restriction markers will 
and aids for navigable waters. be installed in compliance with the 

requirements of the statutes. In addition, 
navigation markers will be coordinated with 
U.S. Coast Guard Aids to Navigation Office. 

STATE OF RHODE ISLAND REQUIREMENTS 

Requirement Citation 

Coastal Resources RIGL 46-23-l 
Management et seq. 

Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Applicable Sets standards for management The entire site is located in a coastal resource 
and protection of coastal resources. management area, therefore, applicable 

coastal resource management requirements 
will be addressed when conducting 
monitoring and implementing access 
restriction activities under this alternative. 



This alternative would offer no long-term protection of ecological receptors. However, if the Long-term 

monitoring program found that natural attenuation of contaminants had reduced contaminant 

concentrations to below the recommended PRGs, this natural achievement could be effectively 

documented, showing the need for no further action. If such an occurrence was not observed or 

documented, it would be assumed that the existing risks to aquatic receptors would remain. Potential 

contaminant migration pathways for these aquatic receptors would not be addressed. Since sediments 

containing COCs at concentrations in excess of the recommended PRGs would remain on site, a 5-year 

review of this alternative would be required to evaluate its effectiveness. 

Reduction in Toxicity, Mobility, or Volume through Treatment: This alternative would not include any 

sediment treatment processes. No sediment containment or removal activities would be conducted. 

Therefore, the limited action alternative would offer no reduction in contaminant toxicity, mobility, or 

volume through treatment. 

Short-Term Effectiveness: Since the only on-site actions conducted under this alternative would be 

monitoring and installation of buoys and fencing, minimal short-term risks to the environment and 

workers would be expected. Potential exposures of on-site workers during sample collection for the 

long-term monitoring program would be limited through the use of PPE. No short-term risks to the local 

community would result from implementing this alternative. 

Implementability: Implementation of this alternative would involve placing access restrictions preventing 

recreational and commercial fishing within the affected areas of Coddington Cove, and institutional 

controls consisting of an enforceable ban on shellfishing and lobster collection in this area. A long-term 

monitoring program and 5-year reviews would be conducted to evaluate risks to human and aquatic 

ecological receptors posed by the sediment contaminants. 

The establishment of the access restriction is implementable, based on the current use of this port. 

However, coordination with one or more state agencies would be required. The land adjacent to the 

cove is property of the US Navy, and is patrolled by the NSN Police Department. Currently, the NSN 

police patrol the shoreline and generally prohibit access to the water from the shoreline for swimming, 

wading, fishing, and shellfishing. However, the NSN police do not prohibit entry to the waters of the 

cove from Narragansett Bay. The existing shellfishing ban imposed by the state restricts collection of 

clams and mussels, but does not ban collection of lobster or finfish. The current ban would have to be 

extended to lobstering. 
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implementation of the access restriction would require installing a fence at the base of the Coddington 

Cove breakwater, and increasing police patrols to further discourage trespassers using the breakwater 

to collect shellfish and lobster. Access restrictions would require installing hazard warning buoys along 

the buoy line shown on Figure 4-l. In addition, two placards would be placed, one at the end of 

each pier. These placards would have to be large enough to be visible to boaters entering the area. 

Finally, NSN police would have to watch for boating activity within the restricted area and report any 

possible shellfishing or lobstering activity to the RIDEM Fisheries Division. 

Implementation of the institutional controls would require cooperation by RIDEM to institute iand help 

enforce a lobster and shellfish collection ban. Public notification would have to be made annually, and 

RIDEM fisheries enforcement personnel would have to assist enforcement when such activity was 

reported by the NSN police. 

The establishment of a long-term monitoring program to assess sediment quality would ble easily 

implementable, given the availability of area services. The results of the sediment sampling would be 

reported annually and summarized as part of the 5-year reviews. 

Implementation of the limited action alternative would not limit future implementation of additional 

remedial actions at the site. 

Cost: A description of estimated capital, O&M, and present-worth costs for Alternative 2 is provided in 

Appendix D and is summarized below. Present-worth costs were developed for a 30-year periold at a 7 

percent discount rate. 

Cost Description 

Capital Costs 

O&M/Long-Term Monitoring 

5-Year Reviews 

Present Worth 

Estimated Cost 

$19,800 

Varies: between $78,355 
and $82,555 annually (see 
Appendix D) 
$2 1,500/5 yr 

$1,050,901 
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5.2.3 Alternative 3A - Limited Dredging 

This alternative is a combination of two objectives. The first is the institution of the access restrictions 

described in Section 5.2.2 to prevent human exposure to contaminants present in the sediment that 

pose a risk to humans only. The second objective is the removal of sediments containing contaminants 

that pose an increased risk to aquatic receptors. 

This alternative would provide access restrictions preventing recreational and commercial fishing from 

within the affected areas of Coddington Cove, and institutional controls consisting of an enforceable 

ban on shellfishing and lobster collections to reduce risk to human health. 

This alternative would also involve removing some sediment, testing to determine hazardous 

characteristics, dewatering the removed materials, and disposing of the solids at an approved disposal 

facility. This alternative would reduce potential risks to marine biota by removing the sediments from 

the site and disposing of them in an appropriately secured landfill. Alternative 3A includes dredging all 

the sediments that exceed the recommended PRGs for the aquatic receptors as shown on Figure 4-2A. 

This alternative would include treating water extracted from sediment prior to discharging it into 

Narragansett Bay. Since some contaminants exceeding the recommended PRGs would remain in the 

sediments under Alternative 3A, some long term monitoring and five-year reviews would be required. 

The affected areas are all within the designated port and are likely to be within areas that have been 

previously dredged or altered by port construction and maintenance. However, if wetland resource 

areas or special habitats are damaged either directly or inadvertently through the execution of the 

dredging efforts, those resource areas will be mitigated following completion of the dredging action. 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

Overall Protection of Human Health and the Environment 

Alternative 3A would meet the RAOs for protection of human health by effectively reducing or 

preventing human ingestion of shellfish within the exposure zones and that may be impacted by 

sediment COC concentrations exceeding the selected PRGs. Through the placement of fencing, signs, 

and buoys, and through police enforcement of the access limitation, this alternative would reduce the 
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likelihood of shellfish and lobster collection from this site at the volume that would pose unac:ceptable 

risk to persons ingesting shellfish and lobster. Also, some of the areas that have the greatest 

exceedances above human health PRGs would be dredged under this alternative. 

The removal and disposal of contaminated sediments would provide protection of the 

environment through removal of sediments containing COCs at various concentrations . 

Under Alternative 3A, sediment with COC concentrations exceeding the recommended PRGs 

for protection of ecological receptors would be removed and disposed, reducing the risks to 

acceptable levels. Because the contaminated sediments would be removed from the site, 

the alternative would provide permanent protection of aquatic receptors. Long-term 

protection of the environment would ultimately depend on the maintenance of the disposal 

facility. 

Implementation of both of this alternative would result in increased short-term risks to the environment 

and aquatic receptors due to the potential for suspension and migration of sediment contamination 

during the dredging operations. These risks would be controlled as much as possible by use of 

appropriate controls such as silt curtains and suction dredge equipment. 

Compliance with ARARs: Tables 5-7, 5-8, and 5-9 summarize the chemical- location- and action- 

specific ARARs and TBCs, respectively for Alternative 3A. 

Alternative 3A meets sediment PRGs that have been derived from federal and state water quality 

chemical-specific ARARs through dredging and permanent removal. 

This alternative would meet all the federal location-specific ARARs. Although Table 5-8 identifies 

Executive Order 11990 as an ARAR, the land under the ocean at this site does not fit the 

definition of a wetland stated in the executive order. The characteristics of the sea floor in this 

area have been altered to suit use as a commercial port and the sea floor is not known to support 

vegetation therefore, the wetland definition does not apply. However, mitigation of intertidal areas 

(excluding sheetpiling and vertical structures) and special habitats such as eelgrass beds that are 

damaged either directly or inadvertently would be required. Dredging and other activities 

conducted under this alternative will be performed in accordance with the requirements of the 

other ARARs identified in Table 5-8 and with the federal and state action-specific requirements of 

the ARARs on Table 5-9. 
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Best engineering practices will be used to minimize spreading contamination during dredjging and 

handling until RCRA testing and characterization is complete. RCRA is therefore relevant and 

appropriate for the handling of materials until characterization. It is not presumed that sediments 

are RCRA - regulated material. 

Long Term Effectiveness and Permanence: The limited dredging alternative would provide 

long-term protection of human health partially through removal of sediments with the highest 

concentrations of COCs. However, complete protection of human health would rely on 

enforcement of access restrictions, and the institutional controls and fishing bans imposed on the 

area. Under Alternative 3A, long-term protection to aquatic receptors would be ensured by the 

removal of sediments that may pose risk to these receptors. 

The limited dredging alternative would eliminate potential risks to marine biota due to direct contact 

with sediment contaminants. However, risks to human receptors will be reduced by lobstering and 

shellfishing restrictions (Areas 18 and 30). sSince some sediments will remain on site at concentrations 

that exceed the recommended PRGs for protection of human health, 5-year reviews and evaluations 

would have to be performed to determine risk from untreated residuals or untreated wastes. 

Reduction in Toxicity, Mobility, or Volume through Treatment: This alternative would not include any 

treatment, therefore it would not reduce the toxicity, mobility, or volume through treatment. The 

alternative would reduce the toxicity, mobility, and volume of impacted sediment present in the site 

area through partial removal of sediments containing COCs in excess of the recommended PRGs. 

Depending on the construction and operation of the disposal facility that accepts the sediments, a 

reduction in overall contaminant mobility in the environment would be expected. However, since this 

alternative would not include any sediment treatment, no ultimate reduction in contaminant toxicity or 

volume would be offered. 

Short-Term Effectiveness: Implementation of this alternative would result in some increased short-term 

risks, including the destruction of existing biota within the dredged area and degradation or destruction 

of surrounding habitat through the suspension of contaminated sediment. However, these impacts may 

be at least partially mitigated through proper implementation (turbidity control measures). Natural 

restoration of the aquatic habitat similar to that which is currently present in the affected areas would 

be expected to occur within a few years. It is probable that the resulting habitat would be better able 

to support aquatic life if the contaminants that are presumed to pose risk to these organisms have been 
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TABLE 5-7 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 3A: LIMITED DREDGING 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement Citation Status 

EPA Human Health 
Assessment Cancer 
Slope Factors ICSFs) 

To Be 
Considered 

EPA Risk Reference To Be 
Doses (Rf Ds) Considered 

Clean Water Act, 
Section 304 

40 USC 1314; Relevant 
40 CFR 122.44 and 

Appropriate 

STATE OF RHODE ISLA 
I 

Water Pollution 

D REQUIREMENTS 
I 

Citation Status 

RIGL 46-12 et Relevant 
seq.; ENVM and 
112-88.97-I Appropriate 

I 

Synopsis of Requirement 

Guidance values used to evaluate 
the potential carcinogenic hazard 
caused by exposure to 
contaminants. 

Action to Be Taken to Attain ARAR 

To be used to compute the individual 
incremental cancer risk resulting from 
exposure to carcinogenic contaminants 
in site media. Alternative 3 reduces 
exposure to human receptors, so these 
criteria are met. 

Toxicity values for evaluating non- Used to characterize human health risks 
carcinogenic hazards from due to non-carcinogens in site media. 
exposures to contamination. Alternative 3A reduces risk of exposure 

to human receptors, so these criteria 
are met. 

Guidelines established for the These standards are relevant and 
protection of human health and /or appropriate for sediment PRGs derived 
aquatic organisms. These using these water quality criteria 
guidelines are used by states to set (including equilibrium partitioning). 
water quality standards for surface Sediments exceeding these PRGs will be 
water dredged and permanently removed. 

Synopsis of Requirement 

Establishes water use classification 
and water quality criteria for waters 
of the state. Also establishes 
acute and chronic water quality 
criteria for the protection of aquatic 
life. 

Action to Be Taken to Attain ARAR 1 

These standards are relevant and 
appropriate for sediment PRGs derived 
using these water quality criteria 
(including equilibrium partitioning). 
Sediments exceeding these PRGs will be 
dredged and permanently removed. 



TABLE 5-8 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 3A: LIMITED DREDGING 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 
FEDERAL REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

Executive Order 11990 40 CFR Part 6, Applicable This order requires federal agencies to If wetlands, as defined by Executive 

Re: Protection of Appendix A take action to avoid adversely Order 11990, are identified at the site, 

Wetlands impacting wetlands wherever possible, and if these wetlands are disturbed by 
to minimize wetlands destruction and to the removal action, the action will be 
preserve the values of wetlands, and to performed to minimize wetland 
prescribe procedures to implement the destruction and preserve the value of 
policies and procedures of this the wetland. Wetlands and special 
executive order. habitats that are damaged by the 

action will be mitigated - see text. 

Executive Order 11988 40 C.F.R. Part 6, 40 C.F.R. Part 6, The order requires Federal agencies to If flood plains are present at the site, 
RE: Flood plain Appendix A Appendix A evaluate the potential effects of actions and these flood plains are disturbed by 
management it may take within a designated 1 OO- the removal action, the action will be 

year Flood plain of a waterway to avoid performed to minimize destruction and 
adversely impacting flood plains preserve the value of the flood plain. 
wherever possible. Flood plains damaged by the action 

will be mitigated. 

Clean Water Act, 33 USC 1344; Applicable This statute regulates the discharge of Water discharged to the bay will be 

Section 404 40 CFR Part 230 dredge and fill materials in the waters filtered to eliminate solids, and meet 
and 33 CFR of the United States, including special the requirement by not discharging 
Parts 320-323 aquatic sites - such as wetlands, dredge or fill materials to the water. 

intertidal habitats and vegetated 
shallows. Such discharges are not 
allowed if practicable alternatives are 
available. 

Rivers and Harbors Act, 33 USC 403; 33 Applicable Sets forth criteria for obstructions and 
Section 10 

Dredging and installation of access 
CFR Parts 165, alterations of navigable waters. restriction markers will be performed in 

320-323 compliance with regulations and 
permitting requirements of the 
statutes. 



TABLE 5-8 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 
ALTERNATIVE 3A: LIMITED DREDGING 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NSN - NEWPORT. RHODE ISLAND 
PAGE 2 of 3 

Requirement 

Fish and Wildlife 
Coordination Act 

Endangered Species Act 

Coastal Zone 
Management Act 

National Historic 
Preservation Act 

Citation 

16 USC Part 661 
et. seq.; 40 CFR 
122.49 

16 USC 1531 et 
seq., 50 CFR 
Part 200, 50 
CFR Part 402 

16 USC Parts 
1451 et. seq. 

16 USC 470 el 
seq., 26 CFR 
Part 800 

Status 

Applicable 

Applicable 

Applicable 

Applicable 

Synopsis of Requirement 

This statute requires consultation with 
appropriate agencies to protect fish and 
wildlife when federal actions result in 
control or structural modification of a 
body of water or to critical habitat upon 
which endangered or threatened species 
depends. 

If a location contains a federal 
endangered or threatened species or its 
critical habitat, and an action may 
impact the species or its habitat, the 
U.S. Fish & Wildlife Service or the 
National Marine Fisheries Service must 
be consulted. 

Requires that any actions must be 
conducted in a manner consistent with 
state-approved management programs. 

Requires action to take into account 
effects on properties included on or 
eligible for the National Register of 
Historic Places and minimize harm to 
National Historic Landmarks. 

Action to Be Taken to Attain ARAR 

Appropriate agencies will be consulted 
to find ways to minimize adverse 
effects to fish and wildlife by 
monitoring the presence of 
contaminants. 

The federally endangered loggerhead 
turtle (Carerrs carertal and federally 
threatened Kemp’s ridley turtle 
(Lepidochelys kempii) occur in the 
waters of Narragansett Bay. 
Appropriate agencies will be consulted 
to find ways to minimize adverse 
effects to the listed species and its 
habitat from drednina activities. 

The entire site is located in a coastal 
zone management area, therefore, 
applicable coastal zone management 
requirements need to be addressed. 

Historic vessels may be sunken in the 
area. Dredging design will be 
conducted in consultation with local 
historical groups to minimize potential 
harm to historic sites. 
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ALTERNATIVE 3A: LIMITED DREDGING 
FORMER ROBERT E. DERECKTOR SHIPYARD 
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STATE OF RHODE ISLAND REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Coastal Resources 
Management 

RIGL 46-23-l et Applicable Sets standards for management and The entire site is located in a coastal 
seq. protection of coastal resources. resource management area, 

therefore, applicable coastal resource 
management requirements need to 
be addressed. 

Endangered Species Act RIGL 20-37-I et Applicable Regulates activities affecting state-listed The state listed loggerhead turtle 
seq. endangered or threatened species or (Caret& caretta) and Kemp’s ridley 

their critical habitat. turtle (Lepidochelys kempii) occur in 
the waters of Narragansett Bay. 
Appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to the listed species 
and its habitat from dredging 
activities. 



TABLE 5-9 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 3A: LIMITED DREDGING 
ROBERT E. DERECKTOR SHIPYARD 
NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Resource Conservation 42 USC 6291 et Relevant and This regulation defines those wastes that Excavated sediment will be 
and Recovery Act seq.;40 CFR Part Appropriate are subject to regulations as hazardous analytically tested according to the 
(RCRA), Subtitle C - 264 wastes under 40 CFR Parts 124 and 264. requirements of this regulation. If 
Standards for Hazardous Regulations also describe the manner in sediment is determined to be 
Waste Facilities which waste is to be tested for hazardous waste, it will be properly 

characterization as listed or unlisted waste. disposed. It is not assumed that 
sediment is RCRA C characteristic 
waste. 

Resource Conservation 40 CFR Part 268 Applicable This regulation sets standards for location Sediments that do not constitute 
and Recovery Act restrictions, operating criteria, monitoring, hazardous wastes will be permanently 
(RCRA), Subtitle D - 
Standards for Hazardous 

closure, and post closure. excavated/dredged and removed from 
the site. These sediments will be 

Waste Facilities shipped to a RCRA Subtitle D non- 
hazardous waste facility. 

Clean Water Act (CWA) 33 USC 1342;40 Applicable These standards govern discharge of water Any drainage or discharges from the 
Section 402, National CFR 122-l 25, into surface waters. Regulated discharges sediment dewatering operations will 
Pollutant Discharge 131 must meet ambient water quality criteria. be treated in an on-site treatment 
Elimination System plant prior to discharge to 

Narragansett Bay. 

Clean Air Act (CAA), 42 USC 7411, Applicable NESHAPS are a set of emission standards initial monitoring of air emissions 
National Emission 7412; 40 CFR for specific chemicals, including from the dewatering facility will be 
Standards for Hazardous Part 61 naphthalene, arsenic, cadmium, chromium, used to assess compliance with these 
Air Pollutants (NESHAPS) lead, mercury, nickel, PCBs, DDE, and standards if threshold levels are 

hexachlorobenzene. Certain activities are reached. Operation and maintenance 
regulated including site remediation. activities will be carried out in a 

manner that will minimize potential air 
releases. 
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STATE OF RHODE ISLAND REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Hazardous Waste RIGL 23-19.1; Applicable RI is delegated to administer the federal Excavated sediment will be 
Management - CRIR 12-030- Resource Conservation and Recovery Act analytically tested according to the 
Identification and Listing 003f3.25) (RCRA) statute through its state requirements of this regulation. If 
of Hazardous Wastes regulations. The standards of 40 CFR Part sediment is determined to be 

261 regarding RCRA identification and hazardous waste, it will be properly 
listing are incorporated by reference. disposed of as such. 

Hazardous Waste RIGL 23-19.1 ef Applicable Outlines specifications and standards for Dewatering of materials classified as 
Management - Standards seq.; CRIR 12- design, operation, closure, and monitoring RCRA hazardous wastes would be 
for Treatment, Storage, 030-003( 10.00) of performance for hazardous waste conducted in accordance with these 
and Disposal Facilities storage, treatment, and disposal facilities. requirements. 

The standards of 40 CFR Part 264 are 
incorporated by reference. 

Clean Air Act - Fugitive RIGL 23-23 et Applicable Requires that reasonable precautions be Removal, processing, and temporary 
Dust Control seq.; CRIR 12- taken to prevent particulate matter from storage of debris and sediments 

31-05 becoming airborne. during dewatering and before 
shipment would be implemented to 
prevent material from becoming 
airborne. 

Clean Air Act - RIGL 23-23 et Applicable Prohibits emissions of contaminants that Removal, processing, and temporary 
Emissions Detrimental to seq.; CRIR 12- may be injurious to humans, plant or storage of sediments during 
Persons or Property 31-07 animal life, or cause damage to property or dewatering and before shipment 

which reasonably interfere with the would be implemented to prevent 
enjoyment of life and property. emissions of contaminants. Initial 

monitoring of air emissions from the 
dewatering facility will be used to 
assess compliance with these 
standards if threshold levels are 

I reached. 
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Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Clean Air Act - Air RIGL 23-23 et Applicable Establishes guidelines for the construction, Site processing of sediment and treatment 
Pollution Control seq.; CRlR 12- installation, or operation of potential air of dewatering liquid will meet the 

31-09 emission units. Establishes permissible substantive provisions of the standards if 
emission rates for some contaminants. threshold levels are reached. 

Clean Air Act - Odors RIGL 23-23 et Applicable Prohibits the release of objectionable odors Site processing of sediment and treatment 
seq.; CRIR 12- across property lines. of dewatering liquid will meet the 
31-17 substantive provisions of the standards. 

Clean Air Act - Air RIGL 23-23 et Applicable Prohibits the emission of specified Initial monitoring of air emissions from the 
Toxics seq.; CRIR 12- contaminants at rates that would result in dewatering facility will be used to assess 

31-22 ground level concentrations greater than compliance with these standards if 
acceptable ambient levels or acceptable threshold levels are reached. Operation 
ambient levels as specified in the regulations. and maintenance activities will be carried 

out in a manner that will minimize 
potential air releases. 

Water Pollution Control - RIGL 42-l 6 et Applicable Establishes water use classification and water Any drainage from the temporary sediment 
Water Quality seq.; CRIR quality criteria for waters of the state. Also storage area and any dewatering discharge 

12-l 90-001 establishes criteria for discharge to a water will be treated as required to meet this 
body. ARAR and discharged into Narragansett 

bay. 

Water Pollution Control - RIGL 42-l 6 et Applicable Contains applicable effluent monitoring The substantive provisions of these 
Pollution Discharge seq.; CRIR requirements, and standards and special standards will be satisfied through on-site 
Elimination Systems 12- 1 go-003 conditions for discharges. treatment of all discharges prior to being 

released into the bay. 

a 
E 



removed. However, mitigation of intertidal and special habitats may be required if any are damaged. In 

the long-term, natural rehabilitation is expected to replace aquatic habitat functions and values lost 

during dredging actions. Potential exposures of on-site workers to sediment contaminants during 

dredging and handling activities would be minimized through the use of personal protection esquipment 

(PPE). 

Implementability: Implementation of this alternative would require a significant effort. Factors affecting 

ease of implementation include obtaining appropriate sediment characterization and landfill disposal pre- 

approvals. In addition, implementation of this alternative would involve placing access restrictions 

preventing recreational and commercial shellfishing and lobstering within the affected areas of 

Coddington Cove, and implementing institutional controls consisting of an enforceable ban on 

shellfishing and lobster collection in this area. A long-term monitoring program and 5-year reviews 

would be conducted to evaluate risks to aquatic ecological receptors posed by the sediment 

contaminants, 

The establishment of the access restriction is implementable, based on the current use of the port. The 

land adjacent to the cove is the property of the US Navy, and is patrolled by the NSN Police 

Department. Currently, the NSN police patrol the shoreline and generally prohibit access to the water 

for swimming, wading, fishing, and shellfishing. However, the NSN police currently do not prohibit 

entry to the waters of the cove from Narragansett Bay. 

Implementation of the access restriction would require installing a fence at the base of the Coddington 

Cove breakwater, and increasing police patrols to further discourage trespassers using the breakwater 

for collection of shellfish and lobster. It would also require installation of hazard warning buoys along 

the buoy line shown on Figure 4-1. In addition, two placards would be placed, one at the end of each 

pier. These placards would have to be large enough to be visible to boaters entering the area. Finally, 

NSN police would have to watch for boating activity within the restricted area and report any possible 

shellfishing or lobstering activity to the RIDEM fisheries enforcement division. 

Implementation of the institutional controls would require cooperation by the RIDEM to institlute and 

help enforce a lobster and shellfish collection ban. Public notification would have to be made annually, 

and RIDEM fisheries enforcement personnel would have to assist enforcement of this restriction. 
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Implementation of the dredging would be difficult. There would be easy access to the affected areas 

from the shoreline and with barge-mounted dredging equipment, because it is assumed that at least 

part of Pier 1 and the on-shore portions of the site would be available as staging areas. Implementation 

of the sediment dewatering and water treatment operations would increase the complexity of 

implementing this alternative, however it is anticipated that space will be available for these actions as 

well. The nature and grain-size distribution of the sediment could greatly impact the success of the 

proposed water clarification and treatment process. 

The state of Rhode Island generally requires dredging projects to be conducted between November 1 

and January 15 to protect sensitive species. The Navy will investigate the use of aquatic habitats on 

site by sensitive species to determine potential impacts from dredging during different times of the 

year. It is anticipated that the long term benefits of conducting the remedial action during a single 

dredging period (estimated to last 6 months for Alternative 3A) will outweigh any short term risks to 

sensitive species. 

Transportation and landfill disposal are complicated by the large volume of sediment to be dredged 

within a relatively short time frame. Trucking material from the staging area to a designated disposal 

site could pose traffic problems at NSN and on Aquidneck Island. Scheduling of transport of dewatered 

and stabilized sediments by barge to a better transfer location may minimize traffic congestion. 

Implementation of Alternative 3A would provide a large amount of hazardous and nonhazardous 

material for disposal (anticipated to be 33,561 cubic yards). Availability of a disposal location locally 

may be difficult. Implementation of Alternative 3B would provide a much smaller amount of material for 

disposal (anticipated to be less than 1000 cubic yards). For costing purposes, both hazardous and non- 

hazardous material is anticipated to be found during dredging operations. Availability of disposal 

locations for this volume of material is not anticipated to be a problem, although more than one may 

have to be used. 

Implementation of dredging is difficult given the imprecision of the action. Equipment must be guided 

remotely, and visual conformation of completion is not possible. Confirmation samples would be taken 

following completion in each area, however, there is a large margin of error associated with 

implementing this type of activity. 
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Implementation of this alternative would not limit future implementation of additional remedial actions 

at the site. 

Cost: A description of estimated capital, O&M, and present-worth costs for Alternative 3A is provided 

in Appendix D and is summarized below. Present-worth costs were developed for a 30-year period at a 

7 percent discount rate. 

Because there is a high degree of uncertainty in the estimated volume of sediment exceeding PRGs, a 

cost-sensitivity analysis was performed to assess the sensitivity of the cost estimate to a significant 

change in the volume of sediment to be addressed under this alternative. The sensitivity analysis 

evaluated the costs of the alternative if the volume of sediment was either increased by 50% or 

decreased by 30 percent. The results of the sensitivity analysis are presented in Appendix E. The 

results of the detailed cost estimate and cost sensitivity analysis are summarized below. 

ALTERNATIVE 3A LIMITED DREDGING: 

Cost Description Estimated Cost 

Capital Costs 

$17,062,556 

O&M/Long-Term Monitoring Varies: Between 
$25,546 and 
$29,746 annually 

5-Year Reviews 21,500/5 yr. 

Present Worth 

$17,438,348 

Sensitivity Analysis Sensitivity Analysis 

50% Volume Increase 30%Volume Decrease 

$24,213,886 $12,384,866 

Varies: Between Varies: Between 
$25,726 and $25,726 and $29,926 
$29,926 annually annually 
21,50015 yr. 21,500/5 yr. 

24,591,912 12,762,892 

5.2.4 Alternative 3B - Hot Spot Dredging 

This alternative is a combination of two objectives. The first is the institution of the access restrictions 

described in Section 5.2.2 to prevent human exposure to contaminants present in the sediment that 

pose a risk to humans only. The second objective is the removal of sediments containing contaminants 

that pose high risk to aquatic receptors. 
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This alternative would provide access restrictions preventing recreational and commercial fishing from 

within the affected areas of Coddington Cove, and institutional controls consisting of an enforceable 

ban on shellfishing and lobster collections to reduce risk to human health. 

This alternative would also involve removing sediment, testing to determine hazardous characteristics, 

dewatering the removed materials, and disposing of the solids at an approved disposal facility. This 

alternative would reduce potential risks to marine biota by removing sediments from the site and 

disposing of them in an appropriately secured landfill. Alternative 3B - Hot Spot Dredging is limited to 

dredging the sediments exhibiting an ecological PRG HO = 3 or more, thereby removing the sediments 

that pose “high” risk to aquatic receptors as defined in the ecological risk assessment report. These 

sediments would be delineated through more extensive predesign investigations. 

This alternative would include treating water extracted from sediment prior to discharging it into 

Narragansett Bay. Since some contaminants exceeding the recommended PRGs would remain in the 

sediments under Alternative 3B, five-year reviews would be required. 

The affected areas are all within the designated port and are likely to be within areas that have been 

previously dredged or altered by port construction and maintenance. However, if wetland resource 

areas or special habitats are damaged either directly or inadvertently through the execution of 

dredging efforts, those resource areas will be mitigated following completion of the dredging act:ion. 

An analysis of this alternative with respect to the evaluation criteria is as follows: 

Overall Protection of Human Health and the Environment: 

the 

Alternative 3B would meet the RAOs for protection of human health by effectively reducing human 

ingestion of shellfish within the exposure zones that may be impacted by sediment COC concentrations 

exceeding the PRGs. Through the placement of fencing, signs, and buoys, and through police and 

RIDEM enforcement of the access limitation, this alternative would reduce the likelihood of shellfish and 

lobster collection from this site at the volume that would pose unacceptable risk to persons ingesting 

shellfish and lobster. Also, some of the areas that have the greatest exceedances above human health 

PRGs would be dredged under this alternative. 
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The removal and disposal of contaminated sediments would provide protection of the environment 

through removal of sediments. Under Alternative 3B, sediment exceeding an ecological PRG HO = 3 or 

more would be removed and disposed, reducing the aquatic receptor’s exposure to the COCs. Some 

sediments would remain that are in excess of the recommended PRGs, therefore the increased risk 

would not be eliminated. However, the sediments posing the greatest risk would be removed and risks 

would be reduced. 

Under Alternative 3B, the following risks would remain: 

. Marine aquatic receptors could continue to be impacted by lead and PCBs in 

resuspended sediments at concentrations as high as 124 mg/Kg lead (station 321, and 

0.66 mg/Kg PCBs (station II). 

. Marine aquatic receptors could continue to be impacted by HMW PAHs in bedded 

sediments at concentrations as high as 20.4 mg/Kg HMW PAHs (station 20). 

implementation of this alternative would result in increased short-term risks to the environment and 

aquatic receptors due to the potential for suspension and migration of sediment contamination during 

the dredging operations. These risks would be controlled as much as possible by use of appropriate 

controls such as silt curtains and suction dredge equipment. 

Compliance with ARARs: Tables 5-10, 5-I 1, and 5-l 2 summarize the chemical- location- and 

action-specific ARARs and TBCs, respectively for alternative 3B. 

Chemical-specific ARARs include AWQC because the PRGs for sediment were developed, in part, 

using equilibrium partitioning to predict water concentrations. All sediments exceeding the PRGs 

presented in Appendix B would not be addressed under this alternative. 

This alternative would meet all the federal location specific ARARs. Although Table 5-l 1 identifies 

Executive Order 11990 as an ARAR, the land under the ocean at this site does not fit the 

definition of a wetland stated in the executive order. The characteristics of the sea floor in this 

area have been altered to suit use as a commercial port and the sea floor is not known to support 

vegetation therefore, the wetland definition does not apply. However, mitigation of intertidal 

areas (excluding sheetpiling and vertical structures) and special habitats such as eelgrass be’ds that 
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FEDERAL REQUIREMEl 

Requirement 

EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs) 

EPA Risk Reference 
Doses (RfDs) 

Clean Water Act, 
Section 304 

rs 
Citation 

TABLE 5- 10 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 3B: HOT SPOT DREDGING 
FORMER DERECKTOR SHIPYARD FEASIBILITY STUDY 

NSN, NEWPORT, RHODE ISLAND 

40 USC 1314; 
40 CFR 122.44 

Status 

To Be 
Considered 

To Be 
Considered 

Relevant 
and 
Appropriate 

STATE OF RHODE ISLAND REQUIREMENTS 

Requirement Citation Status 

Water Pollution 
Control 

RIGL 46-12 et Relevant 
seq.; ENVM and 
112-88.97-1 Appropriate 

Synopsis of Requirement Action to Be Taken to Attain ARAR 

Guidance values used to evaluate 
the potential carcinogenic hazard 
caused by exposure to 
contaminants. 

To be used to compute the individual 
incremental cancer risk resulting from 
exposure to carcinogenic contaminants 
in site media. 

Toxicity values for evaluating non- 
carcinogenic hazards from 
exposures to contamination. 

Used to characterize human health risks 
due to non-carcinogens in site media. 

Guidelines established for the 
protection of human health and /or 
aquatic organisms. These 
guidelines are used by states to set 
water quality standards for surface 
water. 

These standards are relevant and 
appropriate for sediment PRGs derived 
using these water quality criteria 
[including equilibrium partitioning). This 
alternative fails to meet this standard 
since sediment RPGs derived from 
water quality criteria are not adequately 
addressed by the remedy. 

Synopsis of Requirement Action to Be Taken to Attain ARAR 

Establishes water use classification These standards are relevant and 
and water quality criteria for waters appropriate for sediment PRGs derived 
of the state, .A!so estab!ishes Using these water quaiity criteria 
acute and chronic water quality (including equilibrium partitioning). This 
criteria for the protection of aquatic alternative fails to meet this standard 
life. since sediment RPGs derived from 

water quality criteria are not adequately 
addressed by the remedy. 



TABLE 5-l 1 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 3B: HOT SPOT DREDGING 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 
EDERAL REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Executive Order 11990 40 CFR Part 6, Applicable This order requires federal agencies to If wetlands, as defined by Executive 
Re: Protection of Wetlands Appendix A take action to avoid adversely Order 11990, are identified at the 

impacting wetlands wherever possible, site, and if these wetlands are 
to minimize wetlands destruction and to disturbed by the removal action, the 
preserve the values of wetlands, and to action will be performed to minimize 
prescribe procedures to implement the wetland destruction and preserve the 
policies and procedures of this value of the wetland. Wetlands and 
executive order. special habitats that are damaged by 

the action will be mitigated - see 
text. 

Executive Order 11988 40 CFR Part 6, Applicable The order requires Federal agencies to If flood plains are present at the site, 
RE: Flood plain Appendix A evaluate the potential effects of actions and these flood plains are disturbed 
management it may take within a designated IOO- by the removal action, the action will 

year Flood plain of a waterway to avoid be performed to minimize 
adversely impacting flood plains destruction and preserve the value of 
wherever possible. the flood plain. Flood plains 

damaged by the action will be 
mitigated. 

Clean Water Act, Section 33 USC 1344; Applicable This statute regulates the discharge of Water discharged to the bay will be 
404 40 CFR Part 230 dredge and fill materials in the waters filtered to eliminate solids, and meet 

and 33 CFR of the United States, including special the requirement by not discharging 
Parts 320-323 aquatic sites - such as wetlands, dredge or fill materials to the water. 

intertidal habitats and vegetated 
shallows. Such discharges are not 
allowed if practicable alternatives are 
available. 

Rivers and Harbors Act, 33 USC 403; 33 Applicable Sets forth criteria for obstructions and 
Section 10 

Dredging and installation of access 
CFR Parts 165, alterations of navigable waters. restriction markers will be performed 
320-323 in compliance with regulations and 

permitting requirements of the 
statutes. 



TABLE 5-l 1 

2 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

z ALTERNATIVE 3B: HOT SPOT DREDGING 

% FORMER ROBERT E. DERECKTOR SHIPYARD 

: 
NSN - NEWPORT, RHODE ISLAND 
PAGE 2 of 3 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Fish and Wildlife 
Coordination Act 

16 USC Part 661 Applicable This statute requires consultation with Appropriate agencies will be 
et. seq. ; 40 CFR appropriate agencies to protect fish and consulted to find ways to minimize 
122.49 wildlife when federal actions result in adverse effects to fish and wildlife 

control or structural modification of a by monitoring the presence of 
body of water or to critical habitat upon contaminants. 
which endangered or threatened species 
depends. 

Endangered Species Act 16 USC 1531 et Applicable If a location contains a federal The federally endangered loggerhead 
seq., 50 CFR endangered or threatened species or its turtle (Ceretta caretta) and federally 
Part 200, 50 critical habitat, and an action may threatened Kemp’s ridley turtle 
CFR Part 402 impact the species or its habitat, the (Lepidochelys kempiil occur in the 

U.S. Fish & Wildlife Service or the waters of Narragansett Bay. 
National Marine Fisheries Service must Appropriate agencies will be 
be consulted. consulted to find ways to minimize 

adverse effects to the listed species 
and its habitat from dredging 
activities. 

Coastal Zone Management 16 USC Parts Applicable Requires that any actions must be The entire site is located in a coastal 
Act 1451 et. seq. conducted in a manner consistent with zone management area, therefore, 

state-approved management programs. applicable coastal zone management 
requirements need to be addressed. 

National Historic 
Preservation Act 

16 USC 470 et 
seq., 26 CFR 
Part 800 

Applicable Requires action to take into account 
effects on properties included on or 
eligible for the National Register of 
Historic Places and minimize harm to 
National Historic Landmarks. 

Historic vessels may be sunken in 
the area. Dredging design will be 
conducted in consultation with local 
historical groups to minimize 
potential harm to historic sites. 



TABLE 5-11 

s 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

ii 
ALTERNATIVE 38: HOT SPOT DREDGING 

a, FORMER ROBERT E. DERECKTOR SHIPYARD 
CLI 
: 

NSN - NEWPORT, RHODE ISLAND 
PAGE 3 of 3 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

STATE OF RHODE ISLAND REQUIREMENTS 

Coastal Resources 
Management 

RIGL 46-23-l et Applicable Sets standards for management and The entire site is located in a coastal 
seq. protection of coastal resources. resource management area, 

therefore, applicable coastal resource 
management requirements need to 
be addressed. 

Endangered Species Act RIGL 20-37-I et Applicable Regulates activities affecting state- The state listed loggerhead turtle 
seq. listed endangered or threatened species (Caret& ceretta) and Kemp’s ridley 

or their critical habitat. turtle (Lepidochelys kempiil occur in 
the waters of Narragansett Bay. 
Appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to the listed species 
and its habitat from dredging 
activities. 



TABLE 5-l 2 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 3B: HOT SPOT DREDGING AND DISPOSAL 
ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Resource Conservation 42 USC 6291 et Relevant and This regulation defines those wastes that Excavated sediment will be 
and Recovery Act seq.;40 CFR Part Appropriate are subject to regulations as hazardous 
(RCRA), Subtitle C - 

analytically tested according to the 
264 wastes under 40 CFR Parts 124 and 264. 

Standards for Hazardous 
requirements of this regulation. If 

Regulations also describe the manner in sediment is determined to be 
Waste Facilities which waste is to be tested for hazardous waste, it will be properly 

characterization as listed or unlisted waste. disposed. It is not assumed that 
sediment is RCRA C characteristic 
waste. 

Resource Conservation 40 CFR Part 268 
and Recovery Act 

Applicable This regulation sets standards for location Sediments that do not constitute 

(RCRA), Subtitle D - 
restrictions, operating criteria, monitoring, hazardous wastes will be permanently 

excavated/dredged and removed from 
Standards for Hazardous 

closure, and post closure. 
the site. These sediments will be 

Waste Facilities shipped to a RCRA Subtitle D non- 

Clean Water Act (CWA) 
Section 402, National 

33 USC 1342;40 Applicable These standards govern discharge of water Any drainage or discharges from the 
sediment dewatering operations will 

Pollutant Discharge 
CFR 122-l 25, into surface waters. Regulated discharges 
131 must meet ambient water quality criteria. be treated in an on-site treatment 

Elimination System plant prior to discharge to 
Narragansett Bay. 

Clean Air Act (CAA), 42 USC 7411, Applicable NESHAPS are a set of emission standards Initial monitoring of air emissions 
National Emission 7412; 40 CFR for specific chemicals, including 
Standards for Hazardous 

from the dewatering facility will be 
Part 61 naphthalene, arsenic, cadmium, chromium, used to assess compliance with these 

Air Pollutants (NESHAPS) lead, mercury, nickel, PCBs, DDE, and standards if threshold ievels are 
hexachlorobenzene. Certain activities are reached. Operation and maintenance 
regulated including site remediation. activities will be carried out in a 

manner that will minimize potential air 
releases. 



TABLE 5-12 

z ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

2 ALTERNATIVE 3B: HOT SPOT DREDGING AND DISPOSAL 
E FORMER ROBERT E. DERECKTOR SHIPYARD 

iz NSN - NEWPORT, RHODE ISLAND 
71 

PAGE 2 OF 3 

STATE OF RHODE ISLAND REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Hazardous Waste RIGL 23-l 9.1; Applicable RI is delegated to administer the federal Excavated sediment will be 
Management - CRIR 12-030- Resource Conservation and Recovery Act 
Identification and Listing 

analytically tested according to the 
003t3.25) (RCRA) statute through its state 

of Hazardous Wastes 
requirements of this regulation. If 

regulations. The standards of 40 CFR Part sediment is determined to be 
261 regarding RCRA identification and hazardous waste, it will be properly 
listing are incorporated by reference. disposed of as such. 

Hazardous Waste RIGL 23-l 9.1 et Applicable Outlines specifications and standards for Dewatering of materials classified as 
Management - Standards seq.; CRIR 12- design, operation, closure, and monitoring RCRA hazardous wastes would be 
for Treatment, Storage, 030-003(10.00) of performance for hazardous waste conducted in accordance with these 
and Disposal Facilities storage, treatment, and disposal facilities. requirements. 

The standards of 40 CFR Part 264 are 
incorporated by reference. 

Clean Air Act - Fugitive RIGL 23-23 et Applicable Requires that reasonable precautions be 
Dust Control 

Removal, processing, and temporary 
seq.; CRIR 12- taken to prevent particulate matter from storage of debris and sediments 
31-05 becoming airborne. during dewatering and before 

shipment would be implemented to 
prevent material from becoming 
airborne. 

Clean Air Act - RIGL 23-23 et Applicable Prohibits emissions of contaminants that 
Emissions Detrimental to 

Removal, processing, and temporary 
seq.; CRIR 12- may be injurious to humans, plant or 

Persons or Property 
storage of sediments during 

31-07 animal life, or cause damage to property or dewatering and before shipment 
which reasonably interfere with the would be implemented to prevent 
enjoyment of life and property. emissions of contaminants. Initial 

monitoring of air emissions from the 
dewatering facility will be used to 
assess compliance with these 
standards if threshold levels are 
reached. 



TABLE 5- 12 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 
ALTERNATIVE 3B: HOT SPOT DREDGING AND DISPOSAL 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NSN - NEWPORT, RHODE ISLAND 
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STATE OF RHODE ISLAND REQUIREMENTS (CONT’D) 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Clean Air Act - Air RIGL 23-23 et Applicable Establishes guidelines for the construction, Site processing of sediment and treatment 
Pollution Control seq.; CRIR 12- installation, or operation of potential air of dewatering liquid will meet the 

37-09 emission units. Establishes permissible substantive provisions of the standards if 
emission rates for some contaminants. threshold levels are reached. 

Clean Air Act - Odors RIGL 23-23 et Applicable Prohibits the release of objectionable odors Site processing of sediment and treatment 
seq.; CRIR 12- across property lines. of dewatering liquid will meet the 
31-17 substantive provisions of the standards. 

Clean Air Act - Air RIGL 23-23 et Applicable Prohibits the emission of specified Initial monitoring of air emissions from the 
Toxics seq.; CRIR 12- contaminants at rates that would result in dewatering facility will be used to assess 

31-22 ground level concentrations greater than compliance with these standards if 
acceptable ambient levels or acceptable threshold levels are reached. Operation 
ambient levels as specified in the regulations. and maintenance activities will be carried 

out in a manner that will minimize 
potential air releases. 

Water Pollution RIGL 42-l 6 et Applicable Establishes water use classification and water Any drainage from the temporary sediment 
Control - Water seq.; CRIR quality criteria for waters of the state. Also storage area and any dewatering discharge 
Quality 12-l 90-001 establishes criteria for discharge to a water will be treated as required to meet this 

body. ARAR and discharged into Narragansett 
bay. 

Water Pollution RIGL 42-l 6 et Applicable Contains applicable effluent monitoring The substantive provisions of these 
Control - Pollution seq.; CRIR requirements, and standards and special standards will be satisfied through on-site 
Discharge Elimination 12-l go-003 conditions for discharges. treatment of all discharges prior to being 
Systems released into the bay. 



are damaged either directly or inadvertently would be required. Dredging and other activities 

conducted under this alternative will be performed in accordance with the requirements of the 

other ARARs identified in Table 5-11 and with the federal and state action-specific requirements 

of the ARARs on Table 5-12. 

Best engineering practices will be used to minimize spreading contamination during dredging and 

handling until RCRA testing and characterization is complete. RCRA is therefore relevant and 

appropriate for the handling of materials until characterization. It is not presumed that sediments 

are RCRA - regulated material. 

Long Term Effectiveness and Permanence: The limited dredging alternative would provide 

long-term protection of human health partially through removal of sediments with the highest 

concentrations of COCs. However, complete protection of human health would rely on 

enforcement of access restrictions, and the institutional controls and fishing bans imposed on the 

area, 

Under Alternative 3B, long-term protection of aquatic receptors would be improved by removal of 

the sediments that posed the highest risk to these receptors, however, the alternative would leave 

contaminated sediments that exceed PRGs for ecological receptors. Therefore, risk to ec:ological 

receptors would remain. 

The hot spot dredging alternative would reduce, but not eliminate, potential risks to marine biota due to 

direct contact with sediment contaminants. However, risks to human receptors will be presumed to 

remain at locations that exceed human health PRGs and are not dredged (18, 20, and 30). Since some 

sediments will remain on site at concentrations that exceed the recommended PRGs for protection of 

human health, 5-year reviews and evaluations would have to be performed to determine risk from 

untreated residuals or untreated wastes. 

Reduction in Toxicity, Mobility, or Volume Through Treatment: This alternative would not include any 

treatment, therefore it would not reduce the toxicity, mobility, or volume through treatment. The 

alternative would reduce the toxicity, mobility, and volume of impacted sediment present in the site 

area through partial removal of sediments containing COCs in excess of the recommended PRGs. 

Depending on the construction and operation of the disposal facility that accepts the sediments, a 

reduction in overall contaminant mobility in the environment would be expected. However, sinlce this 
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alternative would not include any sediment treatment, no ultimate reduction in contaminant toxicity or 

volume would be offered. 

Short-Term Effectiveness: Implementation of this alternative would result in some increased short-term 

risks, including the destruction of existing biota within the dredged area and degradation or destruction 

of surrounding habitat through the suspension of contaminated sediment. However, these impacts may 

be at least partially mitigated through proper implementation (turbidity control measures). Natural 

restoration of the aquatic habitat similar to that which is currently present in the affected areaas would 

be expected to occur within a few years. it is probable that the resulting habitat would be better able 

to support aquatic life if the contaminants that are presumed to pose risk to these organisms heve been 

removed. However, mitigation of intertidal areas and special habitats may be required if any are 

damaged. In the long-term, natural rehabilitation is expected to replace aquatic habitat functions and 

values lost during dredging actions. Potential exposures of on-site workers to sediment contaminants 

during dredging and handling activities would be minimized through the use of personal plrotection 

equipment (PPE). 

Implementability: Implementation of this alternative would require a significant effort. Factors affecting 

ease of implementation include obtaining appropriate sediment characterization and landfill displosal pre- 

approvals. In addition, implementation of this alternative would involve placing access restrictions 

preventing recreational and commercial shellfishing and lobstering within the affected areas of 

Coddington Cove, and implementing institutional controls consisting of an enforceable ban on 

shellfishing and lobster collection in this area. A long-term monitoring program and 5-year reviews 

would be conducted to evaluate risks to aquatic ecological receptors posed by the sediment 

contaminants. 

The establishment of the access restriction is implementable, based on the current use of the port, The 

land adjacent to the cove is the property of the US Navy, and is patrolled by the NSN Police 

Department. Currently, the NSN police patrol the shoreline and generally prohibit access to the water 

for swimming, wading, fishing, and shellfishing. However, the NSN police do not prohibit entry to the 

waters of the cove from Narragansett Bay. 

Implementation of the access restriction would require installing a fence at the base of the Coddington 

Cove breakwater, and increasing police patrols to further discourage trespassers using the breakwater 

for collection of shellfish and lobster. It would also require installation of hazard warning buoys along 
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the buoy line shown on Figure 4-l. In addition, two placards would be placed, one at the end of each 

pier. These placards would have to be large enough to be visible to boaters entering the area. Finally, 

NSN police would have to watch for boating activity within the restricted area and report any possible 

shellfishing or lobstering activity to the RIDEM fisheries enforcement division. 

Implementation of the institutional controls would require cooperation by the RIDEM to institute and 

help enforce a lobster and shellfish collection ban. Public notification would have to be made annually, 

and RIDEM fisheries enforcement personnel would have to assist enforcement of this restriction. 

Implementation of the dredging would be difficult. There would be easy access to the affected areas 

from the shoreline and with barge-mounted dredging equipment, because it is assumed that at least 

part of Pier 1 and the on-shore portions of the site would be available as staging areas. Implementation 

of the sediment dewatering and water treatment operations would increase the complexity of 

implementing this alternative, however it is anticipated that space will be available for these actions as 

well. The nature and grain-size distribution of the sediment could greatly impact the success of the 

proposed water clarification and treatment process. 

Transportation and landfill disposal are complicated by the large volume of sediment to be dredged 

within a relatively short time frame. Trucking material from the staging area to a designated disposal 

site could pose traffic problems at NSN and on Aquidneck Island. Scheduling of transport of dewatered 

and stabilized sediments by barge to a better transfer location may minimize traffic congestion. 

Implementation of Alternative 3B would provide a somewhat smaller amount of material for {disposal 

than other dredging alternatives (30,451 cubic yards). For costing purposes, both hazardous and non- 

hazardous material is anticipated to be found during dredging operations. Availability of disposal 

locations for this volume of material is anticipated to be difficult, and several disposal facilities may 

have to be used. 

Implementation of dredging is difficult given the imprecision of the action. Equipment must be guided 

remotely, and visual conformation of completion is not possible. Confirmation samples would be taken 

following completion in each area, however, there is a large margin of error associated with 

implementing this type of activity. 
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Implementation this partial removal and disposal alternatives would not limit future implementation of 

additional remedial actions at the site. 

Cost: A description of estimated capital, O&M, and present-worth costs for Alternative 38 is provided 

in Appendix D and is summarized below. Present-worth costs were developed for a 30-year period at a 

7 percent discount rate. 

Because there is a high degree of uncertainty in the estimated volume of sediment exceeding1 PRGs, a 

cost-sensitivity analysis was performed to assess the sensitivity of the cost estimate to a significant 

change in the volume of sediment to be addressed under this alternative. The sensitivity analysis 

evaluated the costs of the alternative if the volume of sediment was either increased by 50% or 

decreased by 30 percent. The results of the sensitivity analysis are presented in Appendi.x 

results of the detailed cost estimate and cost sensitivity analysis are summarized below. 

E. The 

ALTERNATIVE 3B HOT-SPOT DREDGING: 

Cost Description Estimated Cost 

Capital Costs 15,021,631 

Sensitivity Analysis 

50% Volume Increase 

$21,995,845 $10,745,232 

O&M/Long-Term Monitoring Varies: Between 
$34,200 and 

Varies: Between Varies: Between 
$34,200 and $38,400 $34,200 and $38,400 

5-Year Reviews 
$38,400 
$21,500/5 yr $ 21,500/5 yr $ 21,500/5 yr 

Present Worth 
I I I 

$15,504,811 $22,479,026 $11,228,412 
I I I 

5.2.5 Alternative 4: Complete Dredging 

This alternative involves removing the sediments containing COCs at concentrations above the 

recommended PRGs described in Section 2. This activity would involve removing sediment, testing to 

determine its hazardous characteristics, dewatering the removed materials, and disposing of thle solids 

at an approved disposal facility. Approximately 80 percent of the sediment would be disposed of at a 

RCRA D facility. The remaining 20 percent of the sediments would be anticipated to require RCRA C 

disposal. Treatment of water removed from the sediment is likely to be necessary prior to discharge to 

the bay. Treatment of sediment prior to transportation and disposal is anticipated to be limited to 

addition of a solidification or bulking agent to stabilize the material. 
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The affected areas are all within the designated port and are likely to be within areas that have been 

previously dredged or altered by port construction or previous maintenance activities. However, if 

wetland resource areas or special habitats are damaged either directly or inadvertently through the 

execution of the dredging efforts, those resource areas will be mitigated following completion of the 

dredging action. 

Because contaminants in excess of the recommended PRGs would be removed, no 5-year reviews of 

long-term monitoring would be required. An analysis of this alternative with respect to the evaluation 

criteria is as follows: 

Overall Protection of Human Health and the Environment: Alternative 4 would meet the RAOs for the 

protection of human health and the environment through removal and appropriate disposal of sediments 

with COC concentrations exceeding recommended ,PRGs. Because sediment with contaminant 

concentrations exceeding the recommended PRGs within the exposure zones identified in Section 2 

would be removed and disposed, the long-term protection of humans and aquatic receptors and long- 

term permanence would be ensured. No long-term maintenance or monitoring would be required. The 

long-term protection of the environment and human health would ultimately depend on the 

maintenance of the disposal facility. Implementation of this alternative would result in increased short- 

term risks due to the potential for suspension and migration of contaminated sediment during the 

dredging operations. This alternative would destroy existing biota within dredged sediments from the 

impacted area and may degrade the surrounding habitat. However, the long-term impact to the marine 

biota would be minimal, considering that the habitat type (subtidal sand and silt) would not be changed, 

and natural processes would allow restoration of the populations that are currently present. 

Compliance with ARARs: Tables 5-13, 5-14, and 5-l 5 summarize chemical-, location-, and action- 

specific ARARs and TBCs, respectively for Alternative 4. Alternative 4 meets sediment PRGs that have 

been derived from federal and state water quality chemical-specific ARAR through dredging and 

permanent removal. 

Implementation of Alternative 4 would meet all state and federal location-specific ARARs by conducting 

the activities in accordance with wetlands, coastal resource management, endangered species, fish and 

wildlife protection, and historic preservation regulations. Although Table 5-l 4 identifies executive 

order 11990 an ARAR, the land under the ocean at this site does not fit the definition of a wetland 

stated in the executive order. The characteristics of the sea floor in this area have been altered to 
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suit use as a commercial port; and the sea floor is not known to support significant viegetation 

therefore, the wetland definition does not apply. However, mitigation of intertidal areas (excluding 

sheetpiling and vertical structures) and special habitats such as eelgrass beds that are damaged 

either directly or inadvertently would be required. 

Best engineering practices will be used to minimize spreading contamination during dredging and 

handling until RCRA testing and characterization is complete. RCRA is therefore relevant and 

appropriate for the handling of materials until characterization. It is not presumed that sediments 

are RCRA - regulated material. 

Dredging and other activities conducted under this alternative would be performed in accordance 

with the requirements of the other ARARs identified in Tables 5-14. 

Alternative 4 would be conducted in accordance with all identified state and federal action-specific 

ARARs. The action-specific ARARs identified for this alternative include RCRA requirements for 

identification, listing, and disposal of hazardous wastes, Clean Water Act (CWA) requirements for 

discharges to surface water, and Clean Air Act (CAA) requirements for emissions monitoring. 

Long-Term Effectiveness and Permanence: The removal and disposal alternative would eliminate risks 

to humans and marine biota by removing sediments with COC concentrations exceedling the 

recommended PRGs. Disposal of contaminated sediment at an off-site landfill would eliminate the need 

for long-term management of untreated sediments or residuals on site. 

Reduction in Toxicity, Mobility, or Volume through Treatment: This alternative would not include any 

treatment as a principal element in the action, therefore it would not reduce the toxicity, mobility, or 

volume through treatment. Treatment of the removed sediment would be limited to removal of free 

liquids and the addition of a bulking agent to stabilize the material for. transportation and disposal. 

Treatment of water prior to discharge to Narragansett Bay would be necessary to meet discharge 

requirements. 

The alternative would reduce the toxicity, mobility, and volume of impacted sediment present in the site 

area through complete removal of sediment containing concentrations of COCs in excess of the 

recommended PRGs. A reduction in overall contaminant mobility in the environment would be 
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expected due to disposal of the material in a permitted landfill. However, since this alternative would 

not include any sediment treatment, no ultimate reduction in toxicity or volume would be offered. 

Short-Term Effectiveness: Implementation of this alternative would result in increased short-term risks, 

including the destruction of existing biota within the impacted area and suspension of contaminated 

sediment that may degrade aquatic habitat or affect biota in the surrounding area. 

These impacts may be at least partially mitigated through proper implementation (turbidity control 

measures and selection of appropriate dredging methods). Natural restoration of the aquatic habitat 

would be expected to occur within a few years, encouraged by the remainder of native materials similar 

to those that were present on the surface before dredging. In the long-term, natural rehabilitation is 

expected to replace whatever aquatic habitat functions and values that the area can support. 

Potential exposures of on-site workers to contaminants during dredging and handling activities would be 

minimized through the use of PPE and proper engineering controls that are standard in the industry. 

Implementability: Implementation of this alternative would require a significant effort, both 

administratively and technically. Factors affecting ease of implementation include securing site access 

and a shoreline staging area, and obtaining appropriate sediment characterization and landfill disposal 

pre-approvals. 

There would be easy access to the affected areas from the shore and with barge-mounted dredging 

equipment because it is assumed that at least part of Pier 1 and the on-shore portions of the site will be 

available as staging areas. Implementation of the sediment dewatering and water treatment operations 

would increase the complexity of implementing this alternative, however it is anticipated that space will 

be available for these actions as well. The nature and grain-size distribution of the sediment could 

greatly impact the success of the proposed gravity separation process. 

The State of Rhode Island generally requires dredging prokects to be conduicted between November 1 

and January 15 to protect sensitive species. The Navy will investigate the use of aquatic habitats on 

site by sensitive species to determine potential impacts from dredging during different times of the 

year. It is anticipated that the long term benefits of conducting the remedial action during a single 

dredgin preiod (estimated to be 8 months or more) will outweigh any short term risks to sensitive 

species. 
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TABLE 5-l 3 
ASSESSMENT OF CHEMICAL-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 4: COMPLETE DREDGING 
FORMER DERECKTOR SHIPYARD FEASIBILITY STUDY 

NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement 

EPA Human Health 
Assessment Cancer 
Slope Factors (CSFs) 

Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

To Be Guidance values used to evaluate To be used to compute the individual 
Considered the potential carcinogenic hazard incremental cancer risk resulting from 

caused by exposure to exposure to carcinogenic contaminants 
contaminants. in site media. 

EPA Risk Reference 
Doses (Rf Ds) 

To Be Toxicity values for evaluating non- Used to characterize human health risks 
Considered carcinogenic hazards from due to non-carcinogens in site media. 

exposures to contamination. 

Clean Water Act, 40 USC 1314; Relevant Guidelines established for the These standards are relevant and 
Section 304 40 CFR 122.44 and protection of human health and /or appropriate for sediment PRGs derived 

Appropriate aquatic organisms. These using these water quality criteria 
guidelines are used by states to set (including equilibrium partitioning). 
water quality standards for surface Sediments exceeding these PRGs will be 
water. dredged and permanently removed. 

STATE OF RHODE ISLAND REQUIREMENTS 

Requirement 

Water Pollution 
Control 

Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 

RIGL 46-12 et Establishes water use classification These standards are relevant and 
seq.; ENVM Relevant and water quality criteria for waters appropriate for sediment PRGs derived 
112-88.97-I and of the state. Also establishes using these water quality criteria 

Appropriate acute and chronic water quality (including equilibrium partitioning). 
criteria for the protection of anrrntir y--h..- Sedkments exceeding these PRGs wiii be 
life. dredged and permanently removed. 



TABLE 5-14 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 4: COMPLETE DREDGING 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NSN - NEWPORT, RHODE ISLAND 
EDERAL REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Executive Order 11990 40 CFR Part 6, Applicable This order requires federal agencies to If wetlands, as defined by Executive 

Re: Protection of Wetlands Appendix A take action to avoid adversely Order 11990, are identified at the 
impacting wetlands wherever possible, site, and if these wetlands are 
to minimize wetlands destruction and to disturbed by the removal action, the 
preserve the values of wetlands, and to action will be performed to minimize 
prescribe procedures to implement the wetland destruction and preserve the 
policies and procedures of this value of the wetland. Wetlands and 
executive order. special habitats that are damaged by 

the action will be mitigated - see 
text. 

Executive Order 11988 49 CFR Part 6, Applicable The order requires Federal agencies to If flood plains are present at the site, 
RE: Flood plain Appendix A evaluate the potential effects of actions and these flood plains are disturbed 
management it may take within a designated IOO- by the removal action, the action will 

year Flood plain of a waterway to avoid be performed to minimize 
adversely impacting flood plains destruction and preserve the value of 
wherever possible. the flood plain. Flood plains 

damaged by the action will be 
mitigated. 

Clean Water Act, Section 33 USC 1344; Applicable This statute regulates the discharge of Water discharged to the bay will be 
404 40 CFR Part 230 dredge and fill materials in the waters filtered to eliminate solids, and meet 

and 33 CFR of the United States, including special the requirement by not discharging 
Parts 320-323 aquatic sites - such as wetlands, dredge or fill materials to the water. 

intertidal habitats and vegetated 
shallows. Such discharges are not 
allowed if practicable alternatives are 
available. 

Rivers and Harbors Act, 33 USC 403; 33 Applicable Sets forth criteria for obstructions and 
Section 10 

Dredging and installation of access 
CFR Parts 165, alterations of navigable waters. restriction markers will be performed 
320-323 in compliance with regulations and 

permitting requirements of the 
statutes. 



TABLE 5-14 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 
ALTERNATIVE 4: COMPLETE DREDGING 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NSN - NEWPORT, RHODE ISLAND 
PAGE 2 of 3 

Requirement Citation 

FEDERAL REQUIREMENTS (Cont’d) 

Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Fish and Wildlife 
Coordination Act 

16 USC Part 661 Applicable This statute requires consultation with Appropriate agencies will be 
et. seq. ; 40 CFR appropriate agencies to protect fish and consulted to find ways to minimize 
122.49 wildlife when federal actions result in adverse effects to fish and wildlife 

control or structural modification of a by monitoring the presence of 
body of water or to critical habitat upon contaminants. 
which endangered or threatened species 
depends. 

Endangered Species Act 16 USC 1531 et Applicable If a location contains a federal 
seq., 50 CFR 

The federally endangered loggerhead 
endangered or threatened species or its 

Part 200, 50 
turtle (Cafetra caret&) and federally 

critical habitat, and an action may threatened Kemp’s ridley turtle 
CFR Part 402 impact the species or its habitat, the Kepidochelys kempii) occur in the 

U.S. Fish & Wildlife Service or the waters of Narragansett Bay. 
National Marine Fisheries Service must Appropriate agencies will be 
be consulted. consulted to find ways to minimize 

adverse effects to the listed species 
and its habitat from dredging 
activities. 

a 
0” N 
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2 
ASSESSMENT OF LOCATION-SPECIFIC ARARs AND TBCs 

E ALTERNATIVE 4: COMPLETE DREDGING 

8 FORMER ROBERT E. DERECKTOR SHIPYARD 

: NSN - NEWPORT, RHODE ISLAND 
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Requirement Citation 

Coastal Zone Management 16 USC Parts 
Act 1451 et. seq. 

; 

I 

STATE OF RHODE ISLAND REQUIREMENTS 

T Status 

Applicable 

Applicable 

Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Requires that any actions must be The entire site is located in a coastal 
conducted in a manner consistent with zone management area, therefore, 
state-approved management programs. applicable coastal zone management 

requirements need to be addressed. 

Requires action to take into account Historic vessels may be sunken in 
effects on properties included on or the area. Dredging design will be 
eligible for the National Register of conducted in consultation with local 
Historic Places and minimize harm to historical groups to minimize 
National Historic Landmarks. potential harm to historic sites. 

Coastal Resources RIGL 46-23-l et 
Management seq. 

Endangered Species Act RIGL 20-37-I et 
seq. 

Applicable 

Applicable 

Sets standards for management and 
protection of coastal resources. 

Regulates activities affecting state-listed 
endangered or threatened species or 
their critical habitat. 

The entire site is located in a coastal 
resource management area, 
therefore, applicable coastal resource 
management requirements need to 
be addressed. 

The state listed loggerhead turtle 
(Caretta caret@) and Kemp’s ridley 
turtle (Lepidochelys kempii) occur in 
the waters of Narragansett Bay. 
Appropriate agencies will be 
consulted to find ways to minimize 
adverse effects to the listed species 
and its habitat from dredging 
activities. 



TABLE 5-15 
ASSESSMENT OF ACTION-SPECIFIC ARARs AND TBCs 

ALTERNATIVE 4: COMPLETE DREDGING 
ROBERT E. DERECKTOR SHIPYARD 
NSN - NEWPORT, RHODE ISLAND 

FEDERAL REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain 
ARAR 

Resource Conservation 42 USC 6291 et Relevant and This regulation defines those wastes that Excavated sediment will be 
and Recovery Act seq.;40 CFR Part Appropriate are subject to regulations as hazardous analytically tested according to the 
(RCRA), Subtitle C - 264 wastes under 40 CFR Parts 124 and 264. requirements of this regulation. If 
Standards for Hazardous Regulations also describe the manner in sediment is determined to be 
Waste Facilities which waste is to be tested for hazardous waste, it will be properly 

characterization as listed or unlisted waste. disposed. It is not assumed that 
sediment is RCRA C characteristic 
waste. 

Resource Conservation 40 CFR Part 268 Sediments that do not constitute 
and Recovery Act 

Applicable This regulation sets standards for location 
restrictions, operating criteria, monitoring, hazardous wastes will be permanently 

(RCRA), Subtitle D - closure, and post closure. excavated/dredged and removed from 
Standards for Hazardous the site. These sediments will be 
Waste Facilities shipped to a RCRA Subtitle D non- 

hazardous waste facility. 

Clean Water Act (CWA) 
Section 402, National 

33 USC 1342;40 Applicable These standards govern discharge of water Any drainage or discharges from the 

Pollutant Discharge 
CFR 122-l 25, into surface waters. Regulated discharges sediment dewatering operations will 

131 must meet ambient water quality criteria. be treated in an on-site treatment 
Elimination System plant prior to discharge to 

Narragansett Bay. 

Clean Air Act (CAA), 42 USC 7411, Applicable NESHAPS are a set of emission standards Initial monitoring of air emissions 
National Emission 7412; 40 CFR for specific chemicals, including from the dewatering facility will be 
Standards for Hazardous Part 61 naphthalene, arsenic, cadmium, chromium, used to assess compliance with these 
Air Pollutants (NESHAPS) lead, mercury, nickel, PCBs, DDE, and standards if threshold levels are 

hexachlorobenzene. Certain activities are reached. Operation and maintenance 
regulated including site remediation. activities will be carried out in a 

manner that will minimize potential air 
releases. 
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STATE OF RHODE ISLAND REQUIREMENTS 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Hazardous Waste RIGL 23-I 9.1; Applicable RI is delegated to administer the federal Excavated sediment will be 
Management - CRIR 12-030- Resource Conservation and Recovery Act analytically tested according to the 
Identification and Listing 003(3.25) (RCRA) statute through its state requirements of this regulation. If 
of Hazardous Wastes regulations. The standards of 40 CFR Part sediment is determined to be 

261 regarding RCRA identification and hazardous waste, it will be properly 
listing are incorporated by reference. disposed of as such. 

Hazardous Waste RIGL 23-l 9.1 et Applicable Outlines specifications and standards for Dewatering of materials classified as 
Management - Standards seq.; CRIR 12- design, operation, closure, and monitoring RCRA hazardous wastes would be 
for Treatment, Storage, 030-003( 10.00) of performance for hazardous waste conducted in accordance with these 
and Disposal Facilities storage, treatment, and disposal facilities. requirements. 

The standards of 40 CFR Part 264 are 
incorporated by reference. 

Clean Air Act - Fugitive RIGL 23-23 et Applicable Requires that reasonable precautions be Removal, processing, and temporary 
Dust Control seq.; CRIR 12- taken to prevent particulate matter from storage of debris and sediments 

31-05 becoming airborne. during dewatering and before 
shipment would be implemented to 
prevent material from becoming 
airborne. 

Clean Air Act - RIGL 23-23 et Applicable Prohibits emissions of contaminants that Removal, processing, and temporary 
Emissions Detrimental to seq.; CRIR 12. may be injurious to humans, plant or 
Persons or Property 

storage of sediments during 
31-07 animal life, or cause damage to property or dewatering and before shipment 

which reasonably interfere with the would be implemented to prevent 
enjoyment of life and property. emissions of contaminants. Initial 

monitoring of air emissions from the 
dewatering facility will be used to 
assess compliance with these 
standards if threshold levels are 
reached. 
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STATE OF RHODE ISLAND REQUIREMENTS (CONT’D) 

Requirement Citation Status Synopsis of Requirement Action to Be Taken to Attain ARAR 
Clean Air Act - Air RIGL 23-23 et Applicable Establishes guidelines for the construction, 
Pollution Control 

Site processing of sediment and treatment of 
seq.; CRIR 12- installation, or operation of potential air dewatering liquid will meet the substantive 
31-09 emission units. Establishes permissible provisions of the standards if threshold 

emission rates for some contaminants. levels are reached. 

Clean Air Act - Odors RIGL 23-23 et Applicable Prohibits the release of objectionable odors Site processing of sediment and treatment of 
seq.; CRIR 12- across property lines. dewatering liquid will meet the substantive 
31-17 provisions of the standards. 

Clean Air Act - Air - RIGL 23-23 et Applicable Prohibits the emission of specified 
Toxics 

Initial monitoring of air emissions from the 
seq.; CRIR 12- contaminants at rates that would result in dewatering facility will be used to assess 
31-22 ground level concentrations greater than compliance with these standards if threshold 

acceptable ambient levels or acceptable levels are reached. Operation and 
ambient levels as specified in the maintenance activities will be carried out in a 
regulations. manner that will minimize potential air 

releases. 

Water Pollution RIGL 42-I 6 et Applicable Establishes water use classification and 
Control - Water 

Any drainage from the temporary sediment 
seq.; CRIR water quality criteria for waters of the 

Quality 12-I 90-001 
storage area and any dewatering discharge 

state. Also establishes criteria for discharge will be treated as required to meet this 
to a water body. ARAR and discharged into Narragansett bay, 

Water Pollution RIGL 42-l 6 et Applicable Contains applicable effluent monitoring The substantive provisions of these 
Control - Pollution seq.; CRIR requirements, and standards and special 
Discharge Elimination 

standards will be satisfied through on-site 
12-1 go-003 conditions for discharges. 

Systems 
treatment of all discharges prior to being 
released into the bay. 



Transportation and landfill disposal are complicated by the large volume of sediment to be dredged 

within a relatively short time frame. Trucking material from the staging area to a designated disposal 

site could pose traffic problems at NSN and on Aquidneck Island. Scheduling of transport of dewatered 

and stabilized sediments by barge to a better transfer location may minimize traffic congestion. 

Implementation of dredging is difficult given the imprecision of the action, Equipment must ble guided 

remotely, and visual conformation of completion is not possible. Confirmation samples would be taken 

following completion in each area, however, there is a large margin of error associated with 

implementing this type of activity. 

Implementation of Alternative 4 would generate a large amount of hazardous and non hazardous 

material for disposal (anticipated to be 50,904 cubic yards). Note: for cost estimation purposes, both 

hazardous and non-hazardous material is assumed to be found during dredging. 

Implementation of the removal and disposal alternative would not limit any future implementation of 

additional remedial actions at the site, should they be found to be required. 

Cost: A description of estimated capital, O&M, and present-worth costs for Alternative 4 is provided in 

Appendix D and is summarized below. Present-worth costs were developed for a 30-year period at a 

7 percent discount rate. 

Because there is a high degree of uncertainty in the estimated volume of sediment exceeding PRGs, a 

cost sensitivity analysis was performed to assess the sensitivity of the cost estimate to a significant 

change in the volume of sediment to be addressed under this alternative. The sensitivity analysis 

evaluated the costs of the alternative if the volume of sediment was either increased by 50% or 

decreased by 30 percent. The results of the sensitivity analysis are presented in Appendix E. The 

results of the detailed cost estimate and cost sensitivity analysis are summarized below. 

Sensitivity Analysis 
Cost Description Estimated Cost 50% Volume Increase 
Capital Costs 

$24,969,557 -s35,588,529 
O&M/Long-Term Monitoring None none 
5-Year Reviews None none 
Present Worth 

$24,969,557 $35,588,529 
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5.2.6 Comparative Analysis of Site Alternatives 

A comparative analysis is conducted to evaluate the significant differences between the site 

alternatives based on the threshold and balancing criteria. This analysis is provided below. 

Overall Protection of Human Health and the Environment: Alternative 4 would provide the greatest 

protection of human health and the environment by removing all sediments that are in excess of the 

recommended PRGs. Implementation of this alternative would destroy the existing biota and could 

result in some resuspension and migration of sediment contamination during dredging operations, 

However, appropriate engineering controls and mitigation of altered aquatic habitats should reduce the 

long-term effects of these actions. Off-site disposal of the removed sediment in an approved landfill 

would eliminate the need for long-term management of untreated sediments on site. The overall 

protection from future exposures to the removed material would depend on the maintenance of the off- 

base disposal facility. This alternative would meet the RAOs for both protection of human health and 

the environment. 

Alternative 3A would be effective at reducing risk to the environment by removing portions of the 

sediment that are in excess of the recommended PRGs. Alternative 3B would reduce risk to the 

environment by removing portions of the the sediment that contain highest concentrations of COCs. 

Alternative 3A would remove all sediments in excess of the recommended PRGs for aquatic receptors 

and thus meet the RAO for human health and the environment. Both Alternatives 3A and 313 would 

provide protection to humans through preventing exposure; however, long-term protectiveness would 

depend on adequate enforcement of access restrictions and the shellfishing ban by the Navy and 

RIDEM. 

“Alternative 3B would not be completely effective in reducing risk to levels that are deemed acceptable 

by the adoption of the recommended PRGs. This limitation exists since the alternative WOiJld only 

remove the sediments posing the highest risk to aquatic receptors. However monitoring at the 

remaining stations where recommended PRGs are slightly exceeded would assess compliance with 

RAOs. The alternative would meet the RAO for human health through institutional controls.” 

The limited action alternative (Alternative 2) would also provide protection to human health, by reducing 

the risk to humans through preventing exposure; however, the long-term protectiveness would Idepend 
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on adequate enforcement of access restrictions and the shellfishing ban by the Navy and RIDEM. It 

would provide a small amount of protection of the environment in that the toxicity of the sediments to 

the receptors would be continually monitored, ensuring that any increases in risk to these receptors 

would be noted, and appropriate actions could be taken to mitigate the increased risk. Minimal short- 

term impacts would be expected from implementing monitoring and access restrictions. Alternative 2 

would meet the RAO for protection of human health, provided that access restrictions/institutional 

controls were adequately enforced, but would not meet the RAO for protection of the environment. 

The no-action alternative (Alternative II would provide no protection of human health or the 

environment. Contaminants would remain on site, posing continued risk to humans ingesting shellfish 

and to marine biota. Alternative 1 would not ‘meet RAOs for protecting human health or the 

environment. 

Compliance with ARARs: Alternative 1 fails to meet sediment PRGs that have been derived from 

federal and state water quality chemical-specific ARARs. There are no location-specific or action- 

specific ARARs for this alternative. 

Alternative 2 fails to meet sediment PRGs that have been derived from federal and state water quality 

chemical-specific ARARs. Alternative 2 can be performed to meet all location and action specific 

ARARs. 

Alternatives 3A, 3B, and 4 can also be performed in accordance with all applicable location- and action- 

specific ARARs. Alternatives 3A and 4 address sediments above PRGs selected in Appendix 6. 

Alternative 3B does not address all sediments exceeding the PRGs for the ecological receptors. 

Long-Term Effectiveness and Permanence: Alternatives 4, 3A, and 3B would offer decreasing degrees 

of reduction of the long-term risks to the aquatic receptors. Alternative 4 would be the most effective 

alternative in eliminating long-term risks to the human health and marine biota by removing all the 

sediment contaminants exceeding recommended PRGs from the marine environment. Alternat:ive 3A 

would be somewhat less effective, because it would leave some sediments in place that exceed PRGs 

for protection of human health. Therefore, complete protection of human health would require long- 

term enforcement of the shellfishing ban. Risks to marine biota would be eliminated by Alternative 3A. 

Alternative 3B would be somewhat less protective than 3A because higher concentrations of COCs 

would remain in the sediment. Like 3A, protection of human health could be ensured by adequate long- 
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term enforcement of the proposed shellfishing ban. Ecological receptors would still be exposed to 

sediment exceeding the recommended PRGs, but the sediments posing the greatest risk lwould be 

removed. Alternatives 3A and 3B would require 5-year reviews since sediments would remain on site 

with COCs in excess of the recommended PRGs. However, Alternative 4 would require no 5-year 

review, since all sediment with contaminant concentrations above the recommended PRGs would be 

removed from the site and disposed off base. 

Alternative 1 would provide no long-term effectiveness and permanence in addressing sediment 

contamination at the site, apart from the ability of natural processes to attenuate COCs. Alternative 2 

would provide long-term protection of human health, provided that shellfishing restrictioins were 

adequately enforced by the Navy and RIDEM over the long term. Alternative 2 would provide no long- 

term protection of ecological receptors. These alternatives would require a 5-year review since 

sediments with COCs at concentrations above the recommended PRGs would remain on site. 

Reduction in Toxicity, Mobility or Volume through Treatment: None of the alternatives would provide 

reduction of toxicity, mobility, or volume through treatment. 

Short-Term Effectiveness: The no-action alternative (Alternative 1) would offer no change in short-term 

risks. The limited action alternative (Alternative 2) would result in minimal increase in short-term risks 

to workers and the environment due to implementation of monitoring activities and installation of 

buoys. 

Implementation of Alternatives 3A, 3B, and 4 would all result in short-term human and environmental 

risks from dredging and handling operations. Proper use of PPE would minimize human risks from direct 

contact with contaminated sediment. Engineering controls would reduce, but not elilminate, 

environmental risks caused by resuspension and transport of sediment during dredging operations. 

Short-term destruction of marine biota would occur but natural processes would restore the natural 

communities that the area can support. The short-term impacts would be greatest for Alternative 4, 

less for Alternative 3A, and least for Alternative 3B. 

Implementability: The no-action alternative is the most readily implementable. It would require no 

construction activities. Implementation would include completion of the 5-year reviews only. 
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The limited action alternative would be somewhat more difficult to implement. This alternative would 

require Navy coordination with RIDEM for assistance in instituting a permanent lobstering and 

shellfishing ban for the affected area. The state would have to provide public notification and posting 

of the restriction. The Navy would have to install and maintain buoys and placards, and increase 

patrols to prevent access to the affected areas. The long-term monitoring program is readily 

implementable given the availability of services in the Rhode Island scientific community. 

The implementability of Alternatives 3A, 3B, and 4 are all difficult construction operationIs. It is 

anticipated that there may be difficulty in finding adequate disposal capacity for the large volume of 

hazardous and non-hazardous sediments that would be removed under Alternatives 4 and 3A, but not 

3B (which would produce significantly lower volume). These alternatives would be possible because of 

the availability of qualified marine contractors to conduct site dredging using barge-mounted equipment, 

and the availability of the pier and on-shore areas for staging, treatment, and storage. Dredging actions 

of this type are difficult, due to the imprecision of the technology. Pre-design and confirmation testing 

would be performed to improve the implementation of the actions, but some margin of error (dredging 

clean sediments, or no dredging sediments exceeding recommended PRGs) is possible. 

Finally, Alternatives 3A and 3B would also require implementing the access restrictions and institutional 

controls described for Alternative 2. Implementation of any of these alternatives would not limit 

implementation of any future remedial actions required. 

Cost: Capital, O&M, present worth costs, and cost sensitivity analyses for the four site alternatives is 

summarized as follows: 

costs Alternative 1: Alternative 2: Alternative 3A: Alternative 3B Alternative 4: 
No Action Limited Action Limited Dredging Hot Spot Complete 

Dredging Dredging 

Capital 0 $19,800 $17,062,556 s15,021,631 $24,!350,977 
O&M s21,500/5 yr Between $107,355 Between $25,546 Between $0 

and $111,555 and $29,746 $57,004 and 
annually annually $61,204annually 

Five Year s21,500/5 yr $21,500/5 yr $21,500/5 yr s21,500/5 yr $0 
Reviews 
Net Present $46,393 
Worth $I,41 0,746 $17,438,348 $15,504,811 $24,950,977 
NPW Sensitivity: No Change No Change c-24,591,912 $22,479,026 $35,569,949 
t-50% Vol. 
NPW Sensitivity: No Change No Change $12,762,892 $11,228,412 $17,930,118 
-30% Vol. 
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The costs provided for alternatives 3A, 3B and 4 assume no regulatory restrictions on periods of 

dredging activities. If dredging periods are limited, significant additional mobilization and demobilization 

costs would be incurred. 
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APPENDIX A 

CHEMICAL DATA FOR SAMPLES COLLECTED 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Sample Location 

Date Sampled 

Description 

Matrix 
Duplicate Of 

Pofyaromatic Hydrocarbons (PAH) (UGIKG) 
l,6,7-Trimethylnaphthalene 

1-Methylnaphthalene 
1-Methylphenanthrene 

2,6-Dimethylnaphthalene 

P-Methylnaphthalene 
Acenaphthene 

Acenaphthylene 
Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 
Benzo(b,j,k)fluoranthene 

Benzo(e)pyrene 

DSY-1 DSY-2 ) DSY-3 DSY-4 DSY-5 DSY-1 DSY-2 i / / DSY-7 DSY-a 
DSY-3 DSY-4 

/ / DSY-7 DSY-8 
DSY-5 

DSY-6 ! ( 

1 l/3/93 
DSY-6 

DSY-9 / 

11 I3193 1 
DSY-9 

0.0-0.1 0.0-0.1 l/3/93 1113/93 / 1113193 1 I/3/93 1 ) 11/3/93 11 m93 

0.0-0.1 
11 I3193 

Sediment Sediment 
0.0-0.1 0.0-0.1 , 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1 

Sediment Sediment /Sediment / Sediment Sediment Sediment Sediment 

I I -1 !------------------ 

2.36 NV 10.1 NV 
I I 

6.84 NV 0.5 NV 
51.69 NV / 0 NV 10.33/NV 3.91) NV 4.02 NV 11 NV 

9.71 NV / 0 NV 
1.748/NV ) O/NV 3.47 NV 0.12 NV 

0 NV 

NV 367.9 

27.68, 
NV 

656,NV 
7.55 NV 440.82 NV 1 15.4 NV 42.658/NV 14.03 j NV 34591NV al.87 NV 

0 NV 

4.331NV 

0 NV 2.47 NV 23.04 NV / 0 NV 3.35NV O/NV 1.79/NV 1.89 NV a.22 NV 0 NV 
18.26 NV 63.47 NV 

4.74/NV O’NV O/NV 2.37 NV 

O’NV 

0 NV 

58.86 NV 426.7 NV 192.85 NV 0 NV 12.7/NV 18.16 NV la.28 NV 11.93 NV 
0 NV 

200.62 NV 1330 NV 
867.22 NV 89.27 NV , 26.561~~ / 24.65 NV 28.05 NV 37.661~~ 

2.74,NV 

165.97 NV 7380 NV 
3360’7 / 260.1NVj 128.881~~ 1 203.05INV 161.16 NV 180.83 NV 

413.96 NV 
la.58 NV 

163.83 NV 3320 NV 10600 NV / 377.73/NV / 404.69 NV 277.05 NV 562.46 NV 
34.55 NV 

357.91 NV 10100 NV 4710 NV 431.43 NV 401.78/NV 488.3 NV 301.91 NV 480.98 NV 

NA NA 
9230 NV 646.47 NV 800.63,NV 398.98 NV 874.35 NV 

683.271NV 
49.13 NV 

NA NA 
67.28 NV 

272.63 NV 
NA 

5140 NV 
NA 

Benzo(g,h,i)perylene 

5600 NV 
, !NA ,NA I NA 

97.41 NV 2070 NV 
443.44 NV 403.67 NV 451.78 NV j 303.12 NV 487.19 NV 

Benzo(k)fluoranthene 223.5 NV 2070 NV 3060 NV 272.12 NV 313.41 ,NV 355.i5 NV 232.62 NV 327.54 NV 

53.22 NV 

19.41 NV 

Biphenyl 
1980 NV 488.58 NV 247.76iNV 

5.01 NV 
287.09 NV 

12.81 NV 40.77 NV 0.62 NV ll.O3/NV 
244.66 NV 293.51 NV 55.6 NV 

Chrysene---w---------p-- 405.57 NV 
a.9 NV 1.66 11.37 NV NV 0 NV 

Dibenz(a,h)anthracene 

4980 NV 

21.2 NV 784.3 NV 6390 NV 764.26 NV 479.ljlNV 602.81 NV/------ 375.63 NV 623.78 NV 
70.6 NV 

Ftuoranthene 1050 NV 12000 NV 1460 NV 93.38 NV 85.16/NV 89.09/NV 52.05 NV 118.13 NV 
14.96 NV 

Fluorene 1 42.73 NV / 438.65 NV 13600 NV 885.66 NV 644.241NV 788.42jNV 830.68 NV 817.94 NV 
858.78 NV 25.15 NV / 42.69 NV 

113.99 NV 

High Molecular Weight PAHs 
55.07/NV 53.58 NV 53.58 NV 

4525.58/NV 5336.061~~ 
4.86 NV 

Indeno(l,2,3-cd)pyrene 
- 4197.97 NV 5855.67 /NV 616.58 NV 

LOW Molecular Weight PAHs 
!NA i INA ,NA NA NA 

Naphthalene 0.27 NV 1.97 NV 
292.7061NV I 

Perylene 

2.94 NV 0 NV , 306.6jNV NV , 33159jNV 396.15 30.51 NV 

57.17 NV 1050’NV 
8.02jNv j 3.82jNV I O/NV 3.53 NV 0 NV 

’ 
Phenanthrene 304.79 NV 3990 NV 

1336 NV / 165.24 NV 147.23iNV 202.71 /NV 115.56jNV 

Pyrene 
4890 

793.56 NV 9390 NV 
NV 217.44/NV 

10100 NV 709.97 ! NV 

224.34/NV 264.29iNV 384.96/NV 
202.68jNV j 17.4/NV 

Sum of PAHs 

Total Polycyclic Aromatic Hydrocarbons 

4382.58 NV 66656.42 
517.86jNV 

41.14’NV 

NV 78812.04 
601.1 NV 757.66 I NV 

5667.65’1\1\/ 
680.75(NV 

309.45jNV 1 

79.3 NV 

NA NA 
NV i5922.49/NV4818.286/NVp- 6251.821N~ 
NA j /NA 1N.A / 

450457)NV 647.09 NV 

NA /NA 

, 
JNA NA 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; z - Calculated value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not validated 1 of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

I JNA j b”A / 
/ 

I 
JNA / 
INA I 

INA / 

‘--\--‘T”“J 
170 (2 2’3 3’4 4’5) 

I INA j 

/NA / 
/NA / I 

I 
/NA / 
INA I 

/NA j 

---,-G”“77Y\I”“, 

28 (2 4 4’) 
I INA I 

/NA / 
/NA 1 

AA /NA / 
,. I.- 

/ INA I 
I 

JNA / INA 

/ . ., . 
/ /NA / E’^ / 

JNA 1 
]NA / 

/NA / 

/ 
O/NV / 

I I 
O/NV j 

I I 
O/NV I 

I I 
nlN\I I nIP.n, 

NA / 

NA 

JNA / 

/NA I 
/NA / 
/NA I 

]NA / 
IhlA I 

INA 

/NA i 
/ . . . . 

INA / INA t INA I 

\IA 1 
.I . 

/NA 1 NA 
dA ’ 

NA 
/NA / NA 

JNA 

105.4064) NV 
NA 

132.0812 NV / 73.3573 NV 
/NA 

148.3893 NV 28.1474 NV 

JNA I . NA NA NA 
‘A I /NA 

NA 
NA 

‘A I /NA NA iE 
,NA 

/NA I /NA 
NA 

NA INA NA 

dsy-sd-1 .xIs U or ND - Not detected; J - Quantitation approximate; z - Calculated Value 
l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 
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ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

-Vr L ,~.. - 

IDSY-2 I 1 
, ,DSY-4 

DSY-3 
( IDSY-5 ) ) DSY-6 

1 IDSY-4 I IOSY-5 I I 
( ) DSY-7 1 / DSY-8 

ncv-e I I~w 7 I 
/ /DSY-9 / 
( lncveo , 

,.o-0.1 / io.o-0.1 I 

, I -, ” ” 

0.0-0.1 I Inn-n3 I I 

S/KG) 
/ / , I I 

, 

(NA / (NA / JNA / JNA j /NA ( INA INA NA 
Arsenic 

Cadmium 

Chromium 

Cooner 

NA / INA I INA 1 INA I INA I INA 

0.201 NV / 
lhlh 

0.154 

95.992 NV / 
..- . 

152.206jNV 1 
/ V.L”I I.” 

195.012/NV 1 84.7881NV 1 105.578/NV I 
/ Y. Il-P,l”” “. IJyNL / “.VI)I I”” 

109.064/NV 1 793wIrw I in7ndw / ~~,304/~~ 

3NV / 1.0021NV 1 O.lPliNV i 
, ,. . 

07171NV 1 
I.” 

n 7nalhw I n .17~lh1\, I n ““A’“‘, I n QE4 lr.l\/ 

45522/NV / 196.827/NV 
“._“_ . . . .“L.““L 1”” 

l.IA 
262.344 NV ) 57.769 NV 

----- ‘,.-- 
. . . . . I 27.93/NV 76.006 NV 

I NA /NA 
3.9881 NV 

/ 35.393jNV 1 180.764)NV 
/ 

201.061 NV / 51.348iNV 1 
NA 

43.296 INV / 48 570 NV 71 COOthl\l 
JNA 

rn en* .n, ,,, II~c(h,,, 

.  I  

Iron 

Lead 
Manganese 

Mercury 

Nickel 
Silver 

Zinc 

Total Organic Carbon (MGIKG) 

% TOC 

NA 
---t.-- 

NA 
, . . ..-.- 0.. / “I.“.Ta l”” 

NA NA /NA 1 NA 
J”.““Y IY” I-r.“.yI”” 

NA 
NA 

NA 
NA 

NA NA 
NA 

38.595 NV 85.275 NV INA 1 NA NA 
128.18 NV 

NA 
37.406 NV 

NA 

0.5987 
40.837 NV 

NV 0.823 
37.406 NV 

NV 
38.347jNV / 

1.2668 
40.238 

NV 
NV 

13.776 NV 2.3207iNV i 

33.898 NV 

149.431 
1.5936 NV 

NV 
5.4065 NV 1.7387 NV 0.7328 NV 

593.456 NV (1231.421NV( 118.703~~~~-- 184.302 NV 58.824 NV 

2.06 NV 1.3 NV 1 2.63 NV / 3.17)NV / 6.7/NV i 4.37/NV / 2.67lNV j 4.63 NV 1.51 NV 

dsy-sd-1 .xIs 
D or ND - Not detected; J - Quantitation approximate; Z - Calculated Vsfue 

’ - From dilution ZmlySiS; R - Rejected; NA - Not Analyzed; NV - Not Validated 3of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 1 

Sample Number DSY-10 DSY-11 / DSY-12 IDSY-13 I DSY-14 DSY-15 / DSY-16 DSY-17 j DSY-18 

Sample Location DSY-10 DSY-11 / DSY-12 /DSY-13 / DSY-14 DSY-15 / DSY-16 DSY-17 / DSY-18 

Date Samoted I 1113193 / z T/3/93/ I z 113193 j 61131941 / 6/13/94, 6/13/94/ / 6113194, , S/13/94! / 6/13/94, , 

Description 

Matrix 

10.0-0.1 1 10.0-0.1 j j0.0-0.1 j j0.0-0.1 1 10.0-0.1 1 10.0-0.1 i 10.0-0.1 1 /o.o-0.1 1 10.0-0.1 1 

ISediment / /Sediment / /Sediment / ISediment / /Sediment / /Sediment I ISediment / /Sediment I ISediment / 

Polyaromatic Hydrocarbons (PAH) (UGIKG) 

1,6,7-Trimethylnaphthalene 

I-Methvlnaohthalene 

l.Ol/NV / 8.151NV / O/NV j O/NV / 1.61/NV / O/NV 1 1.82/NV / O/NV 1 l.OlINV 

O/NV / 10.97/NV / 9.85/NV 1 O/NV 1 6.92/NV 1 OjNV 1 2.36/NV / O/NV 1 O/NV 

Benzo(a)anthracene Benzo(a)anthracene 

Benzo(a)pyrene Benzo(a)pyrene 

Benzo(b)fluoranthene Benzo(b)fluoranthene 

Benzo(b$,k)fluoranthene Benzo(b$,k)fluoranthene 

Senzo(e)ovrene Benzo(e)pyrene 

Benzo(g.h,i)perylene 

Benzo(k)fluoranthene 

Biphenyl 

Chrysene 

Dibenz(a.hlanthracene 

1 26.14/NV / 274.2iNV i 184.77iNV 1 28.21jNV / 40.13iNV i 134.35lNV i 14.48iNV 1 187.99iNV 1 897.91iNV 1 26.14 NV 274.2 NV 184.77 NV 28.21 NV 40.13 NV 134.35 NV 14.48 NV 187.99 NV 897.91 NV 

38.47 38.47 NV NV 206.33 206.33 NV 248.81 NV 248.81 NV NV 43.73 43.73 NV NV 26.07 26.07 NV NV 245.08 245.08 NV NV 11.76 11.76 NV NV 310.59 310.59 NV NV 1190 1190 NV NV 

70.46 70.46 NV NV 381.04 381.04 NV 438.4 NV 438.4 NV NV 80.42 80.42 NV NV 34.34 34.34 NV NV 324.38 324.38 NV NV 20.17 20.17 NV NV 476.63 476.63 NV NV 1890 1890 NV NV 

NA NA NA NA NA NA NA NA NA NA ,NA ,NA NA NA NA NA NA NA 

1 40.07 40.071NV NV 257.17 257.17 NV 387.85 NV 387.85 NV NV 51.55 51.55 NV NV 20.86 20.86 NV NV 220.86 220.86, NV NV I 11.44 11.44 NV NV / 264.91 264.91 NV NV 1020 1020 NV NV 

29.52 NV 132.09 NV 226.48 NV 41.2 NV 32.57 NV 164.98 NV 13.71 NV 163.01 NV 

’ / 

562.52 NV 

j 24.16 24.16 NV NV 244.85 244.85 NV 346.72 NV 346.72 NV NV 130.14 130.14’NV NV 13.19 13.19 NV NV / 229.83 NV 229.83 I /NV 32.56 32.56 I /NV /NV 242.86 242.86 NV NV 899.04 899.04 NV NV 

0 0 NV NV 18.53 18.53 NV 13.32 NV 13.32 NV NV 0 NV 0 NV 1.85 1.85 NV 1 NV 1 OINV 0 NV 1.5 1.5 NV NV 0 0 NV NV 9.37 9.37 NV NV 

47.47 47.47 NV NV 538.27 538.27 NV 523.21 NV 523.21 NV NV 139.59 NV 139.59 NV 27.18 27.18 NV 1 NV 1 444.14lNV 444.141NV 13.57 13.57 NV NV 386.62 386.62 NV NV 1460 1460 NV NV 

9.34 9.34 NV NV 28.43 28.43jNVTmmm 35.93 1 NV 35.93 NV NV 1 9.311 9.31 NV NV~ ! il.72 11.72j~ NV I 20.51NV 20.51NV / / 3.62 3.62 NV NV 64.18 64.18 NV NV / / 243.3 243.3 NV NV 

1 29.52tNV 1 132.09jNV I 226.48jNV I 41.2jNV I 3257iNV 1 164.98lNV / 13.711NV / 163.01 /NV / 562.52jNV 1 

. I I 

Fluoranthene 94.27,NV 1320 NV 817.36 NV 116.74 NV 66.58/NV 464.31NV 34.36 NV / 477.49 NV 1590 NV 

Fluorene 0.92,NV 74.94 NV 48.75 NV 0 NV 8.49/NV O/NV 4.96 NV / 24.42 NV 92.44 NV 

High Molecular Weight PAHs 535.87 NV 4991.43 NV 4493.61 NV 872.66 NV 435.52 /NV 3129.21 /NV 237.28,NV 1 3417.68 NV 12859.78 NV 

Indeno(l,2,3-cd)pyrene 18.33 /NV 131.74 NV 168 NV 36.45, NV 25.85 1 NV 142.96/NV 9.44 NV / 142.51 NV 529.48 NV 

ILOW Molecular Weioht PAHs 26.531NV / 527.651 NV I 504.27 I NV / 120.97lNV I 65.32INV i 433.541NV / 48.211NV 1 351.431NV / 1266.35iNV I 

Naphthalene 

Perylene 
Phenanthrene 

Pyrene 

Sum of PAHs 

Total Polvcvclic Aromatic Hvdrocarbons 

1.9 NV 11.75 NV 12.71 INV O/NV / 5.15/NV O/NV ’ 259iNV O/NV O/NV 

22.57 NV 95.53 NV 130.58 NV 41.6/NV 16.32/NV 129.95iNV 12.63/NV 90.71NV 310.78/NV 

21.15 NV 391.69 NV 262.55 NV 41/NV 52.73 NV 112/NV 18.25 I NV 201.41 NV 626.75 NV 

93.92 NV 990.09 NV 722.95 NV 112.72 NV 67.98 NV 495.88jNV 41.29 NV 408.78 NV 1640 NV 

562.4 NV 5519.08 NV 4997.88 NV i 993.63 NV 500.84,NV 3562.75jNV 285.49 NV 3769.11 NV 14126.13 NV 

NA NA NA / NA ,NA INA NA NA NA 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 4of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Samole Location Date’Sampled 

Description 
Matrix 
Duplicate nf 

1 

/DSY-lo j IDSY-11 I IDSY-12 / IDSY-13 / IDSY-14 / /DSY-15 j (DSY-16 / /DSY-17 / / @!?f.lR I I 
. I .  . -  

/DSY-10 1 IDSY-11 I IDSY-12 / IDSY-I.? / /my-14 / Insv-1s I Insv.ie I lncv-17 I Ir lll3l93 

0.0-0.1 
Sediment 

11 I3193 

0.0-0.1 
Sediment 

--. --. .- 1113l93 

/ 

- - .  6113194 ._ 

6/13/94/ / 6113/94/ 

/ I-. 6113194 .” --, 6/l . . 3194 3SY-18 6il3194 / 

/ 

0.0-0.1 I o.o-0.1 0.0-0.1 ~0.0-0.1 1 jo.o-0.1 0.0-0.1 
Sediment ISediment 

0.0-0.1 / 
Sediment /Sediment ! /Sediment Sediment Sediment / 

I I / / , 

Pesticide , 

Aldrin 
I I 1 / I / / I / / / I I I I I I 

O/NV / O(NV / OlNV 1 O/NV / OlNV / O/NV / O/NV / O/NV / 0.087 / NV 

Hexachlorobenzene 

Mirex 

o,p’-DDE 

p,p’-DDE 

I PCB (UGIKG) 

’ 0 NV 0 NV 0.0629 NV / O’NV 0 NV 0.0634 NV 0 NV 0.071 NV 0.1049 NV 

0 NV 0 NV 0 NV I -0.0031 NV 0 NV 0 NV 0 NV 0.1688 NV 0.3908 NV 

0.7402 NV 8.7102 NV 2.4326 NV I 0.7479 NV 0.418 NV 1.5749 NV 0 NV 0.6533 NV 4.3373 NV 

3.4584 NV 1.4549 NV 2.5068 NV / 0.6304 NV 0.3951 NV 1.1955 NV 0.3584 NV 0.4383 NV 0 NV 

I I / I I I I I I I I I I I I I 

101 (i 2’3 5 s, 
/ / , / / I I I / I 

/NA I INA / JNA / INA I INA / 
/ / I , 

INA I JNA / 
! 

105(233’44’) NA NA NA NA NA / INA I 
/NA / /NA 

INA I INA I INA 
llS(23’44’5) NA NA NA NA NA /‘Q’ I INA NA 
128 (2 2’3 3’4 4’) NA NA NA NA NA JNA i/i JNA NA 
138 (2 2’3 4 4’5) NA NA NA NA NA INA INA INA NA 

153 (2 2’4 4’5 5;) NA 
/._ . IV.‘. / .., . 

NA NA NA NA NA NA NA NA 
170 (2 2’3 3’4 4’5) NA NA NA NA NA NA NA NA NA 
18 (2 2’5) NA NA NA NA NA NA 

1:: 

NA NA 
180 (2 2’3 4 4’5 5’) NA NA NA NA NA NA I NA NA 

1187f22’34’55’6) INA / INA I INA I INA , INA I INA / INA I INA I INA I 

195 (2 2’3 3’4 4’5’6) 
/ / 

/NA / 
I -. /._. , . . . .I . .., . 

NA NA / /NA /NA / /NA / NA NA NA 
206 (2 2’3 3’4 4’5 5’6) /NA / NA NA 1 /NA I NA NA NA 

NA NA I !NA I NA NA NA 209 (2 2’3 3’4 4’5 5’6 6’) /NA 
28 (2 4 4’) INA 

44 (2 2’3 57 INA 
/NA I INA I INA 

NA / INA I 

NA / /NA I 
NA / INA I INA 

52 (2 2’5 5j 

66 (2 3’4 4’) 

8(24) ’ 

PCB Sum of Congeners 

Total PCBs 

Butvltins IUGSNIKG) 

8. .. /.-. / /‘-’ . ., . , . .I . 
NA NA ‘NA / /NA ! INA I /NA /NA iA NA 
NA NA NA NA /NA /NA INA NA NA 

11.728 NV / 658.1613 NV 176.009 NV 22.3161 NV 22.9766 1 NV 54.8351NV 9.4 1 NV 243.7826 NV 292.7514 NV 

I I i i I 
Dibutyltin INA /NA NA dNA / /NA j /NA /NA i NA . NA 
Monobutyltin NA /NA NA NA /NA / NA NA 1 NA NA 
Tetrabutyltin NA INA NA NA /NA / NA NA I NA NA 
Tributyltin NA INA NA NA INA I NA NA 1 NA NA 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 5of27 
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ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number DSY-19 DSY-20 DSY-21 DSY-22 1 DSY-23 1 jDSY-24 / /DSY-25SUR ) /DSY-26-SUR 1 

Sample Location DSY-I 9 DSY-20 DSY-21 DSY-22 1 DSY-23 1 /DSY-24 j jDSY-25 j /DSY-26 

Date Sampled 6113194, 6/l 3194, 6/13/94, , 61137941 , 6/13/941 1 61131941 1 9/28/95/ I 10/19/951 
10.0-0.1 10.0-0.1 10.0-0.1 I 10.0-0.1 1 i0.0-0.1 I 10.0-0.1 I 10.0-0.5 I /o.o-0.5 I I 

I I-Methvlohenanthrene I 311.12lNV I ~ . 
2.6-Dimethvlnaohthalene ~.~~ , , 
2-Methylnaphthalene 

Acenaphthene 

Acenaphthvlene 

’ 0 NV 0 NV 3.04 NV 1.18 NV 5.39/NV 3.481 NV 27.1956 18.6451 

0 NV 0 NV 20.1 NV 35.18 NV 53.4 NV 14.56/NV 11.2173 13.8635 

0 NV 17.13 NV 7.12 NV 10.79 NV 21.57 NV 2.2/NV 41.7442 12.2124 

0 NV 64.6 NV 30.23 NV 42.38 NV 65.31 NV 31.85/NV 75.6525 93.8391 

799.35 NV / 922.14 NV 99.9 NV 129.74 NV 165.52 NV 38.28 I NV 302.1497 ! 268.4 
. 

IAnthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(bj,k)fluoranthene 

Benzo(e)pyrene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 
Rinhenvl -.r-- z / / / / , 
Chrysene 1170 NV 1580 NV 121.62/NV 1 193.46 NV / 234.291NV 5766iNV / 484.8087 591.6976 

Dibenz(a.h)anthracene 39.28 NV 56.8 NV 43.991NV 1 63.36 NV / 1171NV 16.111NV 1 60.8598 61.3426 

Fluoranthene 1830,NV 5850 NV 324.6/NV / 549.89 NV / 827.01 /NV 223.98lNV / 490.4041 686.4765 

399.2 NV ( 1420 NV 196.33 NV 271.7 NV / 414.03(NV j 86.15iNV / 328.1891 517.9409 

496.21 NV 1 880.34 NV 109.63 NV 182.008 NV 239.46/NV / 54.52 NV 1 395.8064 434.2685 

1050 NV / 1500 NV 158.84 NV 252.21 /NV 317.95/NV i 69.42’NV / NA NA 

NA NA NA NA NA / NA 876.604 998.7657 

576.42 NV 742.72 NV 88.94 NV 145.57 NV 186.89 NV / 3%.08/NV 345.3157 365.0057 

259.74 NV 279.72 NV 133.61 NV 215.38 NV 310.4 NV / 61.29 NV ’ 199.7091 201.169 

791.3 NV 2299.84 NV 47.04 NV 75.13 NV 117.63,NV 1 105.67 NV NA NA 
0 NV 0 NV 5.62 NV 9.36 NV 1 10.93iNV 1 2.67 NV 6.8913 6.6637 

421.18lNV / 15.411NV 1 28.68tNV 1 107.59/NV / 9.02/NV i 52.56041 I 43.53911 I 

IFluorene I O/NV / 215.62jNV 1 29.361NV / 78.14/NV 1 63.941NV 1 18.21/NV / 44.13311 I 53.89121 1 
High Molecular Weight PAHs 9211.87/NV 20405.51 NV 1923.4 NV 3270.568/NV 4408.67iNV j 1162.21 INV 1 2343.5877 2 3031.3942/z 

Indeno(l.2,3-cd)pyrene 255.29 NV 276.16 NV 99.71 NV 164.161NV 225.8/NV / 45.89iNV 195.3932 209.3156 

Low Molecular Weight PAHs 1110.47 NV 1654.1 NV 232.9 NV 437.18(NV 551.02/NV ( 136.02jNV 776.1088 2 775.2631 2 

Naohthalene 0 NV 9.13 NV 2.98 tNV 15.99/NV 11.92iNV / 1.65jNV 17.97951 16.1573 

Perylene 

Phenanthrene 

Pyrene 

Sum of PAHs 

ITotal Polvcvclic Aromatic Hvdrocarbons 

244.35 NV 299.93 NV 54.42 NV / 95.61 NV 118jNV i 26.2 NV ! 103.96, 133.3047, 

550.08 NV 1400 NV 171.29 NV 1 547.73 NV 477.64jNV 1 179.64 NV / 283.2325 316.8996 

1550 NV 3820 NV 373.38 NV 1 514.36 NV 822.57/NV j 197.6 NV / 583.5197 739.6682 

10322.34 NV 22059.61 NV 2156.3 NV / 3707.748 NV 4959.69jNV j 1298.23 NV / INA NA 

INA / INA / INA / INA I INA I INA I 494012 I 580012 I 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 7of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Samole Location 

Date Sampled 

Description 
Matrix 

6/l 3194 

0.0-0.1 
Sediment 

6/I 3194 

0.0-0.1 
Sediment 

Y-75-SI IR / tnSY.7fi.9 IR / 1 -- _-.. 
--’ -- --.. I 

/ Ino,, n.- , ,lm,-LO I 

I 
/ 9l20l951 / 10/19195i 

--. -- --. -- I-. -. 

WI 3194 6/13/94 i 6/13/94/ 1 6/13194i 

0.0-0.1 0.0-0.1 0.0-0.1 / /o.o-0.1 1 10.0-0.5 0.0-0.5 
Sediment Sediment Sediment / /Sediment / iSediment Sediment 

I I I 

IAldrin I 
I / I / ! ( / / 

OINV 1 
I I 

- 0.1034iNV 1 

0.17821NV j O/NV 1 O/NV / 
I I I I 

O/NV ( 
0.1183jNV j 024341NV / 0.0826iNV 1 14655jNV / 

O/NV / O.l/ND / 0.1 /ND 
OiNV ! 0 N-INFI 1 n 11A.5/.1 

- 
Hexachlorobenzene 

Mirex 

o,p’-DDE 

p,p’-DDE 

PCB IUGIKGb 

0.3245’NV 

, / -i... / -‘--I’.- - - - - 

0.2284 NV 0.0866 NV 0.281NV 0.2163 NV 1 OlNV j 0.1 ND 0.1872 J 

2.3874 NV 6.2639 NV 1.1765 NV 2.5337 /NV 1.5831 NV 0.2954/NV 1 0.1 ND 1.5221 

-NV 0 NV 0.7568 NV 2.0208/NV 3.7097 NV 0.47081 NV / 0.8747 0.6077 

I I I I I I I I I I / / / / I I / 
101 (2 2’3 5 5’) /NA / /NA j INA / INA I 5.724/ 

INA I INA I 

/NA j /NA i 
INA I 

6.4811 / 
JNA I INA I I.75271 t 1.8208 I 105 (2 3 3’4 4’) /NA / 

118(23’44’5) NA /NA NA NA ]NA /NA 1 5.0247 6.2007) 

128 (2 2’3 3’4 4’) NA INA NA NA iNA /NA j 1.3681 1.3364 / 

138 (2 2’3 4 4’5) NA 1 INA NA NA INA” INA I 5 ww 7.2131/ 
153 (2 2’4 4’5 5:) 

/ I I I 
/NA I 

I.-.- I I’.‘. / I’-‘. 1 -.- .I_ 
!NA I INA / /NA I /NA 1 

170 (2 2’3 3’4 4’5) INA 1 /NA I INA I INA j 

INA / 

INA ! 

4.37331 j 

INA I 0.89381 / 

6.1611 I 

bt22’5) I 
1.5347 I 

INA I INA 1 INA I INA I INA i 
I / 

INA nFm5sl I I-.78!il I 
! INA I INA I INA I INA t /NA i 

, I I 

I 
/NA i I.86091 / 2.73591 

INA 1.80671 / 1.92151 
T 

‘NA j 

NA 

NA 

NA 
NA 

,NA I 
/NA ! 
I 
W / 
INA ~ 

!“JA 

0.16381 j 

1.51751 j 

0.9141 j 
705751 i 
-.--’ -1 

2.04221 / 

0.5054 / 

2.12691 

2.037; 
17fi7l .-_- 

1.9768 ~ 

187 i2 2’3 4’5 5’6)’ /NA /NA 
/ / 
/ ‘NA / 

195 (2 2’3 3’4 4’5 6) /NA /NA 1 NA / 
206 (2 2’3 3’4 4’5 5’6) INA INA I I 
‘X,0 13 3’7 ?‘A AT 5-R 6’1 

44 i2 2’3 b) 

52 (2 2’5 5) 

66 (2 3’4 4’) 
8 I7 A\ 

NA 

NA 

NA 

iNA 

INA 
NA 

NA 

NA 

NA j 

NA 1 

NA I 

NA 1 
NA 1 

I NA 

/NA i 

/NA 1 
NA I 3.21341 1 3.618i 

JNA / /NA i 6.15731 / 1.62731 

,NA /NA / :NA INA j 0.59451 j 0.53371 

INA NA /NA ~ !NA /NA : 46.8061 /Z 1 49.120412 
366.9521 /NV 92.3076 NV 178.2045/NV / 150.1339jNV 25.869jNV / 93.6121 IZ / 98.240912 

I I I i I I I I I I 

” \- ~., 

PCB Sum of Congeners 

Total PCBs 

Butyltins (UGSNIKG) 

Dibutyltin 

Monobutyltin 

Tetrabutyltin 

Tributyltin 

216.559 NV 

;“” 

INA 

1 

/ 1 I / , 

. /NA 

I;:: 

iNA /NA I iNAj , 0.82/J 2.58 
NA 

illi 
INA 1 ;NA 1 0.5)ND 1.05 

NA /NA I !NA / INA 1 0.5/ND 0.29 J 
NA I INA /NA INA I INA ( 0.73lJ 2 271 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 0of27 





ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

ISample Number 

Sample Location 

Date Sampled 

Description 

Matrix 

Duplicate Of 

Polvaromatic Hydrocarbons (PAHI (UGIKG) 

DSY-27-SUR DSY-28-SUR DSY-28-MID / IDSY-28-BOT / /DSY-29-SUR / /DSY-29-SUR-D 1 /DSY-29-MID 1 
DSY-27 DSY-28 DSY-28 1 /Ds~-28 / /DSY-29 

11/16/95/ / 
/ /DSY-29 1 /DSY-29 

10/12/95, 1 O/l g/95, , 11/16/95i / 1 O/l 9195 i i 10/19/951 I 11/16/951 

.._ _.- 
Sediment /Sediment Sediment ) ‘Sediment 

I- - 
Sediment 

I 

j /Sediment / /Sediment 

/ DSY-29-SUR-D j / DSY-29-SUR 

I I 1 i I I 

10.0-0.5 I /o.o-0.5 t 10.8-1.1 / 12.5-2.8 
/ I 

I lo.o-0.5 I 10.0-0.5 I lo!%09 I I 

. 
1,6.7-Trimethylnaphthalene 

I-Methylnaphthalene 

I-Methylphenanthrene 
2,6-Dimethvlnaphthalene . 
1 &Methvlnaohthalene . 

Acenaphthene 

Acenaphthylene 
4nthracene 

/ 
38.4551 34.2342 39.1718 105.3072’ 112.3151/ / 123.89871 23.9274 

32.7246 43.8733 35.1052 145.247 73.46921 1 61.8418/ 26.7152 

23.8942 17.2749 20.7905 820.099 188.58821 / 197.1768) 158.0626 

142.327 74.6342 108.8023 210.611 300.1476/ / 460.8249 119.6388 

382.6193 183.4293 / 323.3137 2040 - 12201 / 1750 541.4797 
808.5664 I 294.01861 / 513.224 4490 27001 I 4310 I lfi4ll 

I I I I 7.87271 / I 8.40921 / 8.89521 / 59.05931 / 1 27.93951 j 
28.75571 

j 
17.6121) 

50.07091 I 45.43471 I 52.951 20.46581 / 19.84861 1 27.70921 I 155x9459! / 

61.44091 / 38.57231 / 49.97571 I 576.91921 / 266.5573 t 1 241.09121 / 194.90581 t 

I 
Benzo(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(b,j.k)fluoranthene 

/ ~, / / 
923.9997 j 377.4684 697.52141 41301 ( 23801 

I 
j 32001 1 

iNA 
1550.0409j 

NA INA iNA I INA / INA I INA 
2240 1 911.3454 1550.3108/ 849( )I I 5350 / 7050 2750 

3enzo(e)pvrene 829.19391 i 362.4491 ! 602.82681 I 30001 / 19501 2510 1140 
i 499.8266 247.1024 11101 13fiO 7no 7949 

I 

Benzo(g,h;i)perylene 

Benzo(k)fluoranthene 

Biphenyl 

Chrysene 

Dibenz(a,h)anthracene 
Fluoranthene 

Fluorene 
Hiah Molecular Weiaht PA 

/NA / 
/ I .---- .- - 

NA / NA NA /NA NA i NA 

15.0649 j 12.6086 12.6874 55.41581 29.9113/ 30.1792 1 12.5828 

911.5175 363.6943 646.4287 4670 i 2800 1 3740 / 1590 

131.2298 66.5977 99.6221 570.7401 I 317.4257 / 392.8234 I 223.3704 
801.425 458.7699 649.2962 I 

61.6292 
110001 i 49701 I 82901 1 28601 1 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated lOof 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Samole Location 

IDSY-2%SUR / /DSY-28-SUR j IDSY-28-MID 1 IDSY-28-BOl 

\DSY-27 1 IDSY-?A I IMY-78 

IPCB (UGIKG) 

'101 (2 2'3 5 5') 

105 (2 3 3'4 4') 

118 f2 3'4 4'5) 

I 

220.22 5.509 21.293 j 10.109( 

137.4368 2.0427 6.4038 / 3.72; 

242.4092 7.0903 I 72.6231 ( 12.31 

6.2869i 

I 
I 16.6961 

1 I I I 

15.6621 ( 4.3241 

1195(22'33'44'56) 2.92921 / 0.96481 1 2.16031 1 0.83; 

77 1 6.61321 6.5112i 1.3988 

128 i2 2'3 3'4'4') 

, 
-6.9928 

32 / 18.3807' 4.5103 

72.9992 ( 1.8865 ( 

17.56291 

2.7907 / 5.1411 4.8757 ( 0.9992 

138 (2 2'3 4 4'5) 265.3538 / 10.857 33.3266 / 15.803 / 27.041 1 26.12571 5.9912 

153 (2 2'4 4'5 5') 173.9958 / 9.974 27.5092 ) 14.7091/ ' 22.7965 22.66951 5.2303 

170 (2 2'3 3'4 4'5) 3.1251 

18(22'5) 

44.16021 / 12.86351 / 3.9981/ 7.2459, 7.5795 1.6568 

8.3621 

I 

1 0.45021 1 3.04621 / 

j 

0.951 0.6827 / 0.2304 

180 12 2'3 4 4'5 5') 

187 ;2 2'3 4'5 5'6)' 

53.16711 t I 5.77211 

i.93,3/ 

/ 

361 / 0.7411/ 

/ 71.9454/ 1 7.32: 331 / 13.7914/ / 

25.81521 / 1 

14.73841 3.6683 

11.48781 / 5.855 1 8.54431 / 9.783 / 2.6938 

77; 1 3.83241 5.9233 0.5814' 

206 (2 2'3 3'4 4'5 5'6) 7.44581 ] 3.11631 / 

1 

6.8891/ / 5.32971 / 17.39431 j 39.0153 2.5762 

209 (2 2'3 3'4 4'5 5'6 6') 
(5 

I 5.0451 I 3.99381 ! 4.4421 j / 5.20071 1 105.269/ / 279.6978 2.4618' 

28 4 4') 12.9159) / 1.49681 i 6.25051 ) 2.11; ?2/ j 1.6609/ ) 1.7241 0.513 

44 12 2'3 5'1 

52 ii 2'5 ii 

I / 65 04671 1 1.4671 I I 6.78621 / 2.59( 121 I 3.7456 0.9777 

130.4981/ j 2.85181 / 

3.94431 

12.81591 / 4.5068; 

179.58041 1.65361 1 

j 9.6936 / 8.1678 1.7773 

66 (2 3'4 4') / 5.8741 1 2.94921 / 3.8666i 2.7804 ' 

8 (24) 5.64031 j / 

0.9991/ 

0.6636 2.519; j 0.74 661 I 0.59651 / 0.6921 / 0.15071 

PCB Sum of Congeners 1650/Z j 66.8539 Z / 215.228512 1 101.92 96jZ / 273.1904/z ! 467.9954'2 1 40.7403 z 

Total PCEs 331017 --.-I- I 133 7077 7 .--" -. ,- I 430.45712 i 203.859312 / 546.3809 Z 1 / 935.9907 Z 81.4807 Z 

Butyltins (UGSNIKG) I I 

Dibutyltin 5.56 21 ' 5.031 ) 43.41 ! 20.581 / 30.04 0.5 ND . 

Monobutyltin 4.8 8.88 2.91 / 14.991 ( 8.651 ; 18.06/ 0.5/ND 

Tetrabutvltin 0.5 ND i 0.6!J 0.51ND / 0.5iND j 0.5;ND / 0.54jJ i 
541 ! ml89 I 

0.5/ND 
fifi17l I n 51hin 

dsy-sd-1 .xIs 
U or ND - Not detected: J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 11 of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 1 

ISample Number 

Sample Location 
DSY-27-SUR DSY-29-MID 

-. - - 
/o.o-0.5 / 10.0-0.5 
/Sediment / / 

/ !0.8-1.1 ) 12.5-2.8 / jo.o-0.5 .rl n-n c; ,-..a V.” ’ 10.5-o 9 
Sediment / ISediment / /Sediment 1 /Sediment 

I , --.- 
/ ISediment 

/ 
1 /Sediment ) 

Duplicate Of -7 

Metals (MGIKG) 

Aluminum 437675 Arsenic Il.61 

Cadmium 1.03 J 

Chromium 103 

Copper ~~~~,‘~ 

Iron Lead 150.7 

Manganese 346.5 

Mercury 0.5875 Nickel 
43.5 Silver 0.6875 

Zinc 547.251 

Total Organic Carbon (MGIKG) 

% TOC /NA 

i DSY-29-SUR-D IDSY-29-SUR / j 

41307.5 38435 37147.5 38107.5 30315) 176631 
8.68 9.5 9.66 12.46 12.32 5.57 
0.55 J 0.91 J 0.91J / 1.45 2.18 0.78 J 

80.5 112.75 107.751 86.51 88 56 
71.75 179.5 132.51 157.75 1 165 60 

29155 32305 35297.51 35452.5 22018.5 36347.5, 
77.7 148.4 

/ 192.61 
; 185.9 172.5 87.1 

302.5 331.5 3381 i 282.251 289.75 137 
0.3151 0.40751 , I.07751 0.51 j 0.5025 / 1 0.5651 
24.25 77.75 

45.51 
/ 34.75 1 I 36, 23.251 

0.5125 0.96 / I/ 1 0.78751 0.9875 
327.751 

j 0.61 

169.25 455 ) 392.751 
j 

403.25 130.5 1 
! I / 

NA / NA INA i tNA I NA INA 

Date Sampled 

Description 

Matrix 

dsy-sd-1 .xls 
U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed: NV - Not Validated 12of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Sample Location 

Date Sampled 

Description 
Matrix 

Duplicate Of 

Polyaromatic Hydrocarbons (PAH) (UGIKG) 

1,6,7-Trimethylnaphthalene 

I-Methylphenanthrene 
2,6-Dimethylnaphthalene 

2-Methylnaphthalene 

Acenaphthene 

Acenaphthylene 
Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(b.j.k)fluoranthene 

Benzo(e)pyrene 

Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 

Biphenyl 

Chrysene 

Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 

High Molecular Weight PAHs 

Indeno(l.2.3-cd)pyrene 
Low Molecular Weight PAHs 

Naphthaiene 

Petylene 

Phenanthrene 

Pyrene 
Sum of PAHs 

Total Polycyclic Aromatic Hydrocarbons 

DSY-29-BOT DSY-JO-SUR DSY-30-MID DSY-30-BOT 1 IDSY-31-SUR / j DSY-31-MID DSY-31-BOT 
DSY-29 DSY-30 DSY-30 DSY-30 j (DSY-31 j (DSY-32 DSY-31 

11/16/95 , 1 o/i 2195 1 l/16/95 1 l/46/95/ i j io/i2/951 1 l/16/95 1 l/16/95 

1.4-I .8 0.0-0.5 0.6-0.9 2.2-2.6 j 10.0-0.5 1.5-I .a 3.3-3.6 i 
Sediment Sediment Sediment Sediment / ISediment Sediment Sediment ’ 

I I 

i I 
0.54 ND 19.247 3.7367 054/ND j 7.8987 I 4.089 0.54!ND 

3.255 ND 55.1059 10.8544 3.2551ND / 20.41571 10.3431 3.255 ND 

2.2382 J 114.1619 18.5915 2.7151ND j 32.5298 j 14.126 2.715 ND 

1.78 ND 70.705 6.8306 4.38511 ) 34.6414 17.0688 2.4912 J / 

5.31ND 88.1922 12.1748 5.3jND / 36.8598 / 15.075 5.3 ND 

0.44 ND 196.9635 9.4373 0.44/ND / 17.1397 / 4.1809 0.44 ND 

0.77 ND 91.9431/ 19.2568 0.77/ND / 71.0036 22.4076 0.77 ND 
4.5195 455.8496 49.8583 0.9119/J / 200.3 51.0713 1.085 ND 

6.773 696.6908 105.1753 0.8496)J / 280.585 / 66.8864 1.802 J 

9.529 811.8407 137.7264 2.415/ND / 420.8157/ 147.0902 J 2.0163, 
NA NA I NA /NA I NA /“‘A 1 

266.7754 1 
!NA 

34.6377 1640 4.0093 (J 1040 295.1911 (J 5.9001 

11.8765 772.6699 103.9351 2.04 ND 401.4211 155.7333 1.5001Tj- 

7.0974 451.5919 74.5695 1.472 J 214.7073 92.946 1.5481 J 
NA NA NA NA , NA NA NA 

0.64 ND 23.7612 2.8461 0.64 ND 1 14.4062 6.5419 0.64 ND 

15.3196 715.6919 109.95791 1.3263/J ) 398.9704 1 ! 100.0411 j ) 2.5637 J 

1.8584 J 130.1156 17.6947 1 0.844/J j 62.92781 / 1 0.767 J 25.85491 

20.367 1490 239.1575 / 1.8671iJ 1 I 399.3288, 
1.341ND 

2.57851 J 

176.6084 15.74321 1.34iND / 28.11651 / 9.15261 1.34/ND 

82.1203/Z 5594.3696 2 846.808912 9.055312 I j !Z 

5.91391 / 398.2413 70.6037 / 

2408.6018/Z 743.8501 13.399712 

1.2933iJ 

261.547512 / 

! 217.99021 i 74.786 / 1.3166/J 

19.0347/z 24156703/Z 13.035712 1 / / 614.8201 /Z 180.0346jZ 13.2199jz 

2.6/ND 136.1136’ 13.64 2.6lND / 45.30431 1 17.90951 2.6/ND 

4.9633 207.3981 38.4788 17.47481 / 45.34891 11.5841! 141.52251 

4.0652 J / 1270, / 141.4371 1.67371J ! 216.09621 1.6849/J 60.2378 

28.2732 1750.0305 237.097 1.7533/J ( 845.97421 299.7304 3.6722/J 
NA ~NA NA ;NA j INA NA /NA 

157 z 11800/Z 1710/z , 37.912 j 5150/Z 1640 3912 Z 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 13of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Sample Location 

Date Sampled 
Description 

Matrix 

Duplicate Of 

Pesticic les (UGIKG) 
Aldrin 

/DSY-29-BOT DSY30-SUR /DSY-30-MID DSY-30-a”~ I ““I inc.\, 94 .-.I I.-. I I _^\, ^. . ..- I I- - 

-----jDsy-:4,16,95 
DSY-30 1 DSY-30 DSY-30 

/ /u\3r-Jl-a”n , ,UbY-Jl-MIIJ 
’ ‘“SY-31 

) /DSY-31-BOT / 

10/12/95 / 11/16/95’ 
, J” / /DSY-31 / IDSY-31 

‘l~ll7WKl i 4411cmc1 i ..,,,..--/ 
/ 1.4-l .a 0.0-0.5 10.6-0.9 

11/16/95/ / I”, IL,.T” 
I I77-76 -.- -.- I InnA-lr; 

I II 10153, Il/lblYS/ 
l”.V-“.Y I l4c.o 

I I ,.a-I.0 ,.̂ ^̂  

Sediment ISediment / j 
I 

/ j Sediment 
I I 1 I 

Sediment / / / 
/ IJ.J-J.0 I 

/Sediment 1 I 
I I I I I I 

Sediment 1 / Sediment / 

I I 1 I 
a 

o,p’-DDE 

p,p’-DDE 

PCB (UGIKG) 

101 (2 2’3 5 5’1 

Hexachlorobenzene 
Mirex I 

O.O8/ND / 
A .Ilw-. I 

O.OBiND / 
,-,.-,.*1 I 

0.08 ND / O.O8/ND O.OB/ND 
U.lZ4IJJ 

0.08 ND 
1 

0.08 ND 
0.1278 J 0.1 IND 0.1636 J 0.1 ND 

I.ijti;l!J 0.4163 0.1 /ND 

0.32741 

3.6291 2.4482 ._-- 
0.5865 

0.284 
0.23491 I 1.9497 / 4.8822 0.1597 

“. 1 IY” 1 

0.1 ND 

3.UJLlI ----’ 

5 
0.1156, 4.43/8) / 

n ,)ET; ,T1A,%“I 1 I I ! ^^^^I 1 ! I I 

(105;233’44’; 
I V.LU.8 / IJ.““J, / U.ZYYI 1 n777t / 4’)7”Ci / 7.4831 / 

nr,-.,4 / 
0.3131 
_ _-- - 0.035 ND 7.0445 j 

I -‘-‘.I 
0.1018 ) 0.035 /ND 

‘L.‘--i I 

118 ;2 3’4 4’5)’ 0.135 ND 19.5558 I 
4.39041 

0.349 / O.l35/ND 
3.33L3/ 

13.74481 7.8191) 
0.035 /ND 

128 (2 2’3 3’4 4’) 0.035 ND 6.2479 / 0.035 ND 0.0971/ / 3.06691 
0.135lND 

138 (2 2’3 4 4’5) 

153 (2 2’4 4’5 5’) 
0.0926 j J 26.5724 

2.45451 
0.2396 J 

0.0957 J 20.5378 
0.1271/J / 

0.1476 J 0.0751~~ 1 
16.10591 / 

O.O35/ND 
lo.37471 0.0696 J 

170 (2 2’3 3’4 4’5) 0.035 ND 
18 (2 2’5) 

6.289 , 
14.42791 / 7.98941 / 0.075 ND 

0.2207 
0.015 ND 

O.O35/ND 1 
1.2973 

3.82681 / 2.5928; 1 0.035 ND 

180 (2 2’3 4 4’5 5’) 
0.2045 

0.0819 J 11.5742 
0.09061 1 

0.0631 J 0.2419; / 
I.34281 / I.19131 0.015 ND 

187 (2 2’3 4’5 5’6) 0.1186 
6.4264 

7.0216 
0.045’ND 

195 (2 2’3 3’4 4’5 6) 
0.1921 

6.7996 ) 

0.02 ND 
0.0518/ / 4.66431 4.1432 

1.0068 
0.01 ND 

206 (2 2’3 3’4 4’5 5’6) 
0.02 ND 

0.2506 
O.O2/ND / 1.1069 

6.2653 
1.7964; 0.02 

209 (2 2’3 3’4 4’5 5’6 6’) 
1.1309 

0.2277 
O.O15/ND / 

6.8161 
4.32871 / 2.6919 

1.7857 
0.19981 

l--------T---------------- 0.06451 2.54421 
44 (2 2’3 5’) 

0.5919’ I- 
1.13151 1 

0.0924 4.4891 j 
0.09021 / 

4.5038/ / 2.11841 / 0.2124; 

52 (2 2’5 5) 

66 (2 3’4 4’) 

8 (2 4) 
PCB Sum of Congeners 
Total PCBs 

Butyltins (UGSNIKG) 
Dibutyltin 

Monobutyltin 

Tetrabutyltin 
Tributyltin 

0.2011 
0.0516’J 

0.14111 ~ 
3.67191 / 2.17431 0.1528 

9.22 
3.69061 ’ 

0.4602 
3.05881 0.1902 

0.0964 
0.27591 / 

0.9377 
7.23031 5.42261 0.3002 

0.3939 
O.O55/ND 

0.1441 1 

0.055iND i 
2.7227 / 

1.2214 0.1058 ’ 
2.43581 0.1078 

I.42712 
I.43391 0.5095 

157.6442 2 6.481 Z 2.668l;Z 1 
O.O55/ND 

2.85412 315.2884 Z / 12.9621 Z 
110.4938/Z 73.345 z 1.5997 z 

5.336212 ) 220.9876/Z 146.6901 Z 3.1993 z 

0.5lND 
I I 

4.06 0.5 ND 0.5lND 1 
’ ! 

0.5/ND 
0.5bND 

2.45 
OStND 

0.5 ND 0.51ND 1 
86.93i / 

0.5/ND 0.5 ND 
45.51 I 0.5/ND 0.5/ND 

0.5/ND 
0.5/ND 1 

6.86 0.5/ND ) 
0.51ND 1 

0.5:ND I 
0.45/J / 0.5 j ND 

228.121 j 0.5/ND 
0.51ND 

0.5)ND 

dsy-sd-I .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 
14of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Numt ler 
Sample Location 
Date Sampled 

Description 

Matrix 

Duplicate Of 

IDSY-29-SOT 1 /DSY-30-SUR ) lDSY-30-MID 1 1 DSV-=!nJWn I I~PV .,,-,q,,~ , , rl~V~?I~L”lll I /l-l@” I. “n-7 I I 
DSY-29 i IDSY-30 I II-JSY-xl I Ins? --. -- 

1 i/16/95) 1 o/i 2/95 1 l/16/95 1.4-I 
.8 0.0-0.5 0.6-0.9 

Sediment /Sediment Sediment 

vu,-a. _-,. I” I Y I l”llY Yti I ‘J I-D” I 

IDSY-31 / DSY-31 DSY-31 
I 10/12/951 
jo.o-0.5 

1 l/16/95 I l/16/95 
1 1.5-1.8 3.3-3.6 

~ Sediment ! Sediment Sediment / / 

Metals (MGIKG) 

-.. .- 

Total Organic Carbon fMG/KGI 
-I 

% TOC 
/ I I 

!NA / 
I I 
/NA / 

I I 
JNA / 

/ 
INA / 

I 
INA / /NA / !NA 

dsy-sd-I .xIs 
U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 15of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NFWPORT. RHOnF ISI ANI3 

[Sample Number 

Sample Location 

Date Sampled Description 

Matrix 
Dunlicnte Of 

IDSY-32-SUR 1 IDSY-33-SUR ) /DSY-34-SUR / /DSY-34-MID / IDSY-34-MID-D 1 IDSY-34-EDT / 
/ DSY-34 / IDSY-34 1 /DSY-34 I ImY- 

/ DSY-35SUR / 1 
I 1nsv.w I 

I~- ~. 
DSY-32 DSY-33 

J 
--. -. 1-n “., 

9128195 9128195 10/12/95 11/16/95 1 l/16/95 / 0.0-0.5 0.0-0.5 11/16/95/ I O/l 2/95 0.0-0.5 j 0.7-1.0 
2.3-2.6 

Sediment 
10.7-1.0 

Sediment Sediment Sediment ISediment 
/ /o.o-0.5 

Sediment 1 ISndimnnt 

/DSY-34-MID-D / 
I - _ _, _ . 

IDSY-34-MID 1 j --r ..--.- -. I / I i 
Polyaromatic Hydrocarbons (PAH) (UGIKG) ) 

1,6,7-Trimethvlnaphthalene I 7.8906l I 7 n475 -._ .- 4.4278 0.7724/J 1 INA / 0.54 ND 0.1619 J 
511$7/J / 12.7025 1.6283iJ 1 INA ) 7 7’ir;lNn n 7G7 I 1-Methylnaphihalene / ,__^__/ / 1 

I- I ,. . 

I-Methylphenanthrene 
I.-“” I._ , “_““I Y 

- -. 18.30861 1 757fi7I.l I I / \- / INA I (. ., . 774KlNl-l I L.8 I”,,.V n m-k I “..l”LY u 2,6-Dimethylnaphthalene 43.59071 9.90941 / 9.5563 1 

4.96451 2-Methylnaphthalene / JNA 

/NA 

1.781 1.6908 J 

2.9815/J 1 5.3 /ND 0.6455 J 

8.55131 0.7796/J 1 INA 
ll 0.441ND 771N1-l 

0.2281 J 

28.68481 5.20681 / INA / rlfilrvl I 

1 ,  /  

- . .  ._”  RR7 

figfj$ ) 50.03091 / 100.9039/ 1 1 /NA 3iQl I mana7l 1 19.37331 
147.62531 

/ 
71 

mnil 
/ 

iNA 1 0.7508/J 1 
1 3 A4r;lhlll I 

_-. .-. 

494.6L ._ “I .“T” I / -“--- I 
NA /NA 1 INA j INA I 

1100 155 3411 

417.1659 I-. *““a 
<n vu-q/ / 97.59551 I 

/ 
286.7nq 1594541 ) 

2.7642jJ 

I’.‘. C.7 I”/I”V , 4.1449)J 
INA i INA 1 INA 

I I’.‘- ! ., . 
I 

.--.-. 348.29321 / 49.29621 j rn w7dl I 
Ii3 4321 / 141.088lI / 

/NA j 

21.25351 I INA I 
3.04321J j 

3 nd/Nn I 

--/ “Y.“““, 

/NA / 
I .-.- ‘- .’ I -T. I 147 

/NA 
..,. 

INA 
8.8” / 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(b,j,k)fluoranthene 

Benzo(e)pyrene 

Benzo(g,h,i)perylene 

- . ..-- ~.., .-_- . .._.._ 

Biphenyl 15.3691 i 3.1795/ 
/NA / /NA 

6.41851 0.9763/J / 
!NA 

/NA j 
JNA 

127.75991 
0.64lND 

15.04121 I 

0.42361 J 
INA I n fi63~1.1 7 li?dr;/ I 491.2839 / 58.7768 -.---- ” -...- 72.21721 12.4056 / 

26.45181 ms 779.11 

/ ‘-11 
4.69951 1 

/Ni / 
(15 

77a1 

/ 
207.83921 

1 1.39/ND j 
238131 I INA I 

0.9219jJ 
l74dlI I 7 WCKI I --, ; .,“tLL” 

7371 I 
/ i 

En')41 / 

I’.‘. I.“77 ” , 

13.91931 I 17775i.l I INA j I?Alhlrl I 

Chryseie 
Dibenz(a,h)anthracene 
Fluoranthene 

8.L1V.J Y 

25.7,-s, , Y.I,L- 

2897.78312 1 
.“‘--‘- I 

391.246612 I 860.3718/Z / 126.727512 I 
263.6'co' ’ AC 3417i 

725.9 
‘r- 47 ti 

,..,I , I..P,I”Y 

‘NA / 
0.5791 /J 

7358717 i 75 1363/7 

I 93.2662) 1 16.64191 I INA i n93S.1 1 7 id I l4.2 ‘id..J IL. -. .VC” I 

5182 / 119.907312 1 

-.---!- / 
272.2083 Z 35.2644/Z 1 INA 1 J? nn7ni7 

I i5n .-.-678 d7t47 / I IO.86581 i 
125909/z 1 

22.2664 3.0524/J 1 INA 
;NA 

/ 2.6jND / “_“Y”” ” 
77msgl / 61.0289 27 6X97! ! 1 77 Ad77 I 3 IIACI 

Fluorene 

High Molecular Weight PAHs 

Indeno(l,2,3-cd)pyrene 

Low Molecular Weight PAHs 

Naohthalene 

.--. I. / --.-‘“* 
181.8231 j 

1 
110.2245 / 

i IV.‘. LI .__“I / L. 08-P” 
46.1594 

916.61431 / 
Il.46731 1 INA / I.05591 J 3.6892 J 

106.9554 249.7918 / 42.77051 ( 6.4543 J 
INA I 

!NA j 0.79511 J 
NA NA i INA I INA I INA NA 

I / 

5980/Z / 87912 / 1930/z I 299/z / 
/ :“’ / I'*'* 

/NA / 41/z / 61.712 

Perylene 

Phenanthrene 

Pyrene 

Sum of PAHs 

Total Polycyclic Aromatic Hydrocarbons 

dsy-sd-I .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 16of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Sample Location 

Date Sampled 

Description 
Matrix 

Duplicate Of 

Pesticides (UGIKG) 

Al&in Hexachlorobenzene 

Mirex 

DSY-32-SUR 

DSY-32 

9/28/95 
0.0-0s 

Sediment / 

DSY-33-SUR 
DSY-33 

9128195 

0.0-0.5 
Sediment 

DSY-34-SUR 

DSY-34 

10112/95 

0.0-0.5 

Sediment 

101 (i 2’3 5 5,‘) 

105 (2 3 3’4 4’) 

118 (2 3’4 4’5) 

128 (2 2’3 3’4 4’) 

138 (2 2’3 4 4’5) 

153 (2 2’4 4’5 5’) 

170 (2 2’3 3’4 4’5) 

?8 (2 2’5) 

I a0 (2 2’3 4 485 5’) 

o,p’-DDE 

p,p’-DDE 
PCB (UGIKGI 

/DSY-34-MID-D r /LISY-34-Ml~ , j I I 

0.1 ND 1 1 0.1 ND 0.1 ND / ’ 0.1 /ND 1 
0.08 

0.1 1 

ND 0.08 ND 0.08 1 
/NA 

ND nnnlhln / 
/ND 

INA I ” nnlhln 

n70a1 I 0.1 ND 0 7947 

- 
“‘““I’.- I I’.‘. I V.YY 8.Y 

-’ 0.261 
I -.-- .- 0.6334 / 0.078/J j 0.8958 

0.64821 

/NA j 0.1 ND “. I 

2.3816 0.4185 / 

/IYU 
0.2723 

0.959 0.17881 
0.25831 

/ II:: / 0.1947 0.0251 
I 

14.32 1.74 2.874 ‘NA 336 I.3471 / 
0.5626 

0.7937 0.3111j 
/ 0.2751 

/ 
0.5131 

2.3403 
iNA I 0.0351 I 0.03SiND I 

3.514 1.10451 I NA 1 0.135 
0.5496 0.8718 

2.8904 4.8626 

2.7247 4.8068 

2.6: 

If.282 

3.1408 

15.1649 

12.2329 

-._ 

0.9071 

* 1 5228 

I ~‘! 
7.70141 I 0.79621 / 

I / ““-‘I 
1.39131 / 

I.-- 

0.3311/ 

/ 
1 INA I 

-““--t- I 
0.0351h’n 1 

187 (2 2’3 4’5 5’6)’ 

195 (2 2’3 3’4 4’5 6) 
206 (2 2’3 3’4 4’5 5’6) 

209 (2 2’3 3’4 4’5 5’6 6’) 
28 (2 4 4’) 

44 (2 2’3 5’) 

52 (2 2’5 5) 

66 (2 3’4 4’) 

-w4) 
PCB Sum of Congeners 

Total PCBs 
Butvltins IUGSNIKG) 

Dibutyltin 

Monobutyltin 

Tetrabutyltin 

Tributyltin 

..C 

, 4.2601 j 

0.5338 ’ 

2.6839 / 4.33851 

2.6096 

2.5857 

4.4274 
11.2788 / 

1.23271 / 
100.456 

12 
j 

200.912/z j 

I I ! , 1 
0.5 ND 3.381 j 0.5jND ;. 

I 
/NA 

I I I 

0.5 ND I.851 j 
O.SjND ! 0.51ND 

0.51ND / 
0.5 ND 

4.26 / 
0.5/ND j 

INA 

0.23551 
8.Y 

I 

U.lZYl 

0.0151ND I INA I 0.14521 / n.~~lh,~ 

1.5035 1.1935 

0.1868 

1.1163 1.2885, 

0.5686 

0.5355 

0.9627 j 
0.4552 

0.2865 
19.9651 !Z 
39.930212 

I I 

2.4644 
1.8859 0.4939 

1.8105, 

1.9815! 
0.875’ 

0.8472 
1.3713 

0.8843 

0.3271’ 
32.290712 

64.581312 
I I 

0.81271 1 
0.48271 j 0.4887’ 

/ 

0.5791 1 

0.70451 i 

0.23441 ; 

0.29941 I 

0.54211 
/ 0.3447! 
1 0.0616/J 

10.4664/Z i 20.9327 
12 / 
I 1 

/ 

INA 
!NA 

;NA 

INA 

/NA I 

INA / 

/NA 1 

!NA / 

(NA / 
INA j 
iNA I 

/ INA 
I I 

0.045 ND / 

0.0776 j 

0.1085 / 

0.2119 

0.19621 

0.1822 

0.2289 

0.3112 

0.13581 

0.055iND 
7 ARiAI 

/ 
4.962812 / 

I / 

0.5 ND 4.131 / 
0.51ND 1 

O.SlND 0.5iND 
/NA 

0.5/ND ~ /NA 
0.5/ND 0.5/ND 
0.5/ND 0.5(ND 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Vetue 

* - From dilution analySiS; R - Rejected; NA - Not Analyzed; NV - Not Validated 17of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Sample Location 

Date Sampled 
Description 

Matrix 

Duplicate 0’ 

DSY-32-SUR 
DSY-32 

912at95 

0.0-0.5 

,Sediment 

DSY-33-SUR ,,Sy-34-S,,R 1 inQV ‘)” ~#ln 1 / nw-?4-hdrn-n 1 lnEVII n_l 1 /--II-L -..- , I 

DSY-33 DSY-34 
9128195 Ifll~?,OCl 

0.0-0.5 I-In 

Sediment 

“0 I -.J~-I”I,” , ! IV I “7-,111,.-Y / y\3, -.Jz+-D”, 

j DSY-34 
U3Y-XPWJK 

I”! lL,JJ, I 
/ jDSY-34 1 jDSY-34 DSY-35 

1 l/16/95/ ) 
, iv.“-0.5 / /0.7-1.0 ( /0.7-1.0 

11/16/95’ / 1 l/16195 10/12/95 

) /Sediment 
2.3-2.6 

’ 1 /Sediment 
0.0-0.5 

; /Sediment Sediment / Sediment 
I nsy~7dmin 1 

Aluminum I 
I I 1 

Arsenic 

Cadmium 

Chromium 

I - ‘---, 

I 
10.93 j 

0.72jJ 

7.391 --- .” ( 9.661 , s.7, I" 

n1nl.l I n7dt / I 6.791 / 8.921 7.41 3.39 

0.161J / 0.131J 0.14 J 0.09 J 
48! I 44.51 1 cld r;/ 9.4 ‘)E/ 

I 
84.75) j 
6675 I 

46.51 / 64.251 / 
173F;l I 2QEi I 

26545 

124.8 

293.5 

1.875jU 

-! I 
” 7.” 

) 7.751 / 

L-r.LJ, 

, , .L” 4.l.J 

nll^r-,r/ / 4.25 
I 

/ 

- 2387% 

1.875jU 

47.61 23519.x / 245 1 / 1 12660) 

I?3 51 3r.m 

25.7 

I 23.2j j ! ( 141 ?O” 
15, ‘74.25 j 312 ’ 90.25 i 

“.“lUIU / 0.131 0.015 B / 0.0675 

L”.J, / 171 I 18.751 21.5 
0.2375 0.28751 / 1 

0.0651U 
5,s 

1 0.065 U 105.5/ ) O.O65!U 471 I 1 
38.251 / 

j 0.065/U 

I I 55.5, / 28.51 
I I I I I I / 

Coooer 
Iron’ 

Lead 

Manganese 

L 14u3.13, / 

401 
256301 j 21319.731 / 

Mercury I , .--‘-I L”” 

Nickel 0.37251 / 
LJLt.L., , a. 

,-fi”“r;lR I I 
2.5751 1 

0.12781 / 0.15331 / 
9n.c I 

Silver 
I 8 

0.8125/ 

I otal urganic Carbon (MGIKG) 

% TOC t 
L 

I 

bJA ! 

I 

/NA / 
I I 

INA I /NA I 
I I 

/NA 1 
! 

INA 

dsy-sd-I .xIs 
U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 18of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

DSY-36-MID DSY-36-BOT /DSY-36-BOT-D / /DSY-37~SUR / Incv 90 ~1 ~n 1 1 
DSY-36 

n,-.., ^^ C,(D / , 

DSY-36 
1 l/lFm!i 

1 DSY-36 
.I,,lfi,clF I 

1 /DSY-37 
11/16/95/ ! 9/7RlQ!i I 1 11.3-1.6 I 1 / 1 I? - 13.0-3.3 - -. - - .,I L”, 

o-3.3 I Inn-I-Is I Inn-nK 

Sample Number DSY-IS-SUR 
Sample Location DSY-36 
Date Sampled 9i28/95 
Description 

___ 1 
0.0-0.5 

Matrix 

Duplicate Of 
Sediment / /Sediment 

I 

Pofyaromatfc Hydrocarbons (PAH) (UGIKG) 
1,6,7-Trimethylnaphthalene 

I-Methylnaphthalene 

I-Methylphenanthrene 
722-g 

2,6-Dimethylnaphthalene 

P-Methylnaphthalene -m 
Acenaphthene 

Acenaphthylene 74.941 I 
Anthracene 157.5701/ 

“. 
iSediment ) ‘-‘- -‘I I 

1 Sediment 
IDSY-36-BOT / 1 

W.” I.,., 

IO.99691 1 27 37871 / l-l AA lhlrl I i; 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(b,j,k)fluoranthene 

Benzo(e)pyrene 

Benzo(g,h.i)perylene 

Benzo(k)fluoranthene 

/ , 
I I 
I 4.0373 I 4.565, 

9.16531 9.2729 
30.9269 20.2223 

I a.3099 14.309 

13.9583 15.1678 

6.5343 10.1533 

25.05911 22.5213 
0” rnroi -,- rarm -.- 

221.5881 --, ) 263.80471 
/ 

.-.- .“” 

319.44421 j 6.81981 1 !NA ! 
.n.“LYJ, / 

IAAA33FII 
1 ,I..“““, 

I ! 444 T;fli I) I.J”L, 1 -- 7fi”A YI.#“-,Y, 432.40691 / 
Ill ?lnAi I 

1 INA j 
I I 
INA / 

‘--‘--‘“.I / 
/hlA I 

/NA j 163.8OOlI ( 119.82431 / 142.99881 
INA I IhIll I ‘.,I I L’\ 

GL.“TY I 
274.8794, 449.4213 

,.,,I/ “Y”.TI”I, ! 

195.1419 
9.11451 k”A j 139.5178 i 

LJJ.043, ! / 3UZ..J‘i”, / 

300.7021 8.0936) 
til.a547/ j 125.9047 / 

NA NA INA I 
/NA i 
INA I 

125.852 1 94.64621 / 
hIA I ILIA / 

96.6666 1 
Ihl,j 

IBiohenvl 

Chrysene 

Dibenz(a,h)anthracene 

Fluoranthene 

Fluorene 

High Molecular Weight PAHs 

Indeno(l,2,3-cd)pyrene 

LOW Molecular Weight PAHs 

(Naphthalene 

! 
10.5031/ j 

271.51331 17.1115/ 
I’.” 

287.3551 j 1 1 1 
I I.-.- 

0.64/ND j 
!I.,\ , 

lNA 1 ‘F,an,/ I 
/IW / ,llr 

c7n4-f 1 - E1C7 I 
7AfiCdI i !I 

1 Perylene 

Phenanthrene 

Pyrene 

Sum of PAHs 

Total Polycyclic Aromatic Hydrocarbons 

/ I 

48.29621 96.4263) / 345.0788 398.7873 
i / 1 

18.0226 ! 36.66521 1 

1 1703.2945/z 1 2129.072512 I 

177.64131 / 
303.86681 

- 456.2084/Z j 635.436612 
34.06381 / 66.6058/ - 

“----I” I 

1.8792/J 1 

ii.85071 1 
134lND 1 "-'I'.- / 

s3 141717 ~ 
--” ‘.‘I-- 1 

7.1575 j 

19.3377 z 1 
26 NI-I I 

“.I./“,/ / J.IUIIi 

154.2679 107.1053/ 

28.797 21.0294 / 

262.1371 229.98131 
972.w. -..--"I 1 c “‘57 Y.-i IU 

Illr;R77!7 ! 0119onr 
a a a”.“, L,L “wwJJ4IZ 

100.4461/ j 80.2293 ( 

320.0889!2 I 

4.L”, 

119.8757 

27.3463 

215.9599 

14.73251 

830.6092 12 

91.2782 1 

INA I 76 RRfl1! 
236.349212 279.4344 2 

! 77347Ef 

97.6371/ j 144.o299 / --‘---“/ 7.1512 j iNA LI.LI,.q 
23.682 

1 137.6113 53.29351 51.089” 
, 

234.9938 
5.7769 481.5321 666.134 / 

) Ll 51.9245’ 
;NA 1 c7 .vn “I. I JO5 

14.8124 
NA NA 1 

/ INA 
83.09611 

I 
/ 

?fi,“A7’)i / 
115.9867/ 

/..,, 

3720i2 
. . hlA I 

““L.-r-f,L, ! 

1 5010/z j 
,arn 

11812 ! 
;NA j 

254.393 / 226.7241 I 

INA I 

/NA / /NA 
225012 ) 

/NA 

1750/Z 1 1830/Z 

dsy-sd-I .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 19of27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

11/16/95/ / 
Y" I -.J, 

11/16/951 1 
I I' 

nm”,nr, / 

21.1721 / 
I I 

9.68861 j 
0.3081 j 

I I 
/NA j 

I I 

0.0361ND 1 
6.3561 / __ I 

/ 

25.83051 j 0.0561J / 
/“” 

8.52141 / 0.0515l.l I 
/NA / 
IhlA I 

5.84661 1 

/..,. 
9.0519 0.0624’ 1.0191 1 !NA / 2.3954 

0.02 ND 
7.4894, 

/ 

0.1839 
0.4071 I /NA IhlA / , 

6.026 
Y.I”-fJ 

0.2844 10.5182 JNA / 1.051 
0.2423 ^ ---- 5.5719 (NA j 2.0985 

0.084 lhlh I 

1 3.221 j OS/ND 1 . OSIND ) 
I I 
INA j 

I i 
0.5/ND / o.s[r.- 

I 
0.51ND / O&ND I IhlA I 

dsy-sd-I .xIs 
U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 
20 of 27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number DSY-36-SUR DSY-36-MID DSY-36-BOT DSY-36-BOT-D 
Sample Location DSY-36 DSY-36 

(DSY-37-SUR / DSY-38-SUR 
DSY-36 DSY-36 

Date Sampled 9128195 I l/16/95 

/ DSY-37 ) DSY-38 
DSY-JO-SUR / 

DSY-39 
11116195 11/16/95 

Description 9128195 0.0-0.5 1.3-1.6 j g/28/95/ 
3.0-3.3 3.0-3.3 

Matrix 
Sediment 

10.0-0.5 

10112/95j 

0.0-0.5 0.0-0.5 
Sediment Sediment 

Duplicate Of 
Sediment /Sediment Sediment Sediment DSY-36-SOT-D 1 
DSY-36-BOT 

Metals (MGIKG) 
Aluminum 38025 31102.5 16196.25 19920.75 
Arsenic 

27560 37845 
11.21 

34007.5 
7.79 

j j 
4.11 4.56 

Cadmium / 7.41) 8.94 
0.4 

7.58 
J 0.93 J 0.1 J 0.05 J 

Chromium 1 0.32(J 0.25 J 

83:25 

0.18 J 

110.5 30.5 Copper ! 27.75! 54 / 56.51 104.5 
1.875 U 

661 56.5 

Iron 41 27 

28620 28667.5 13836 14162.75j 
281 20 

Lead 
20071.5 78.8 112.5 261801 21417.75 

Manganese 
56.9 312.75’ 62.2 ) 54 317.25 

Mercury 
265 333.75 0.375 285.25 0.75 

0.015 B 
Nickel 0.05) 0.2775 0.2625 

25.75 30.75 
/ / 1 0.1498 

58 
Silver 

5/B 

0.5625, 

16.751 17.75 

1.54 0.065 U Zinc 0.065jU 

/ 221 ! 
0.3875 

144.25 

) 0.16251 0.2625 

213.75 35.5 20.25) 93.5 Total Organic 
I Carbon (MGIKG) 1091 97.25 

% TOC / NA NA 
I 

NA JNA NA 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 21 of 27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

/Sample Number 

Sample Location 

Date Sampled 

Descriotion 

Matrix 
Duolicate Of 

IDSY-40-SDR / IDSY-41-SUR ) IDSY-V4-BOT / /DSY-W-MID / 
I DSY-40 

1 DSY-W-ROT / 

/ IDSY-41 I !DSY-V4 

il-W’.\/g.,,,,I,, / 1 JPC-I-SIIR 1 1 
1 IDSY-\ 

1 O/l Z/95 

0.0-0.5 

Sediment 

Polyaromatic Hydrocarbons (PAH) (UGIKG) 

1 o/i 2195 

0.0-0.5 

Sediment 

I-- ----. , --a . _ --.. 

--. J4 DSY-V9 DSY-V9 / JPC-I 
l/11/96 I i/11/96 ’ l/l l/l II96 

4.3-4.6 
l/96/ 1 O/l 9/95 

3.4-3.8 1.3-1.5 0.3-0.7 0.0-0.5 

Sediment 
/ 

Sediment 1 Sediment 1 Sediment Sediment 
I I Im--4-CI ID-IT / 

1,6,7-Trimethylnaphthalene 
I-Methylnaphthalene 

I-Methylphenanthrene 

2,6-Dimethylnaphthalene 

2-Methylnaphthalene 

Acenaphthene 
Acenaohthvlene , 
Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(b,j,k)fluoranthene 

4.6604 
9.4141 

38.2603 

17.328 

16.3906 

16.2043 

95.6494 233.9226 

233 SRI6 

0.45 J 0.54 ND 0.54!ND 1.8923 15.7056 
1.274 J 

1.4564 
3.255 ND 3.255/ND 5.5608 42.6734 

2.2161 J 
2.5806 J 

2.715 ND 2.2056 /J 14.215 148.3877 
2.36 J 

9.4928 I 
1.78 ND 

2.0144 J 
56.95631 6.1762 

5.3(ND /I 3.5003 31.7189 
1.7107 

3.83 J 
0.44 ND 0.44 ND 0.44 27.3134 

0.77 
1.4241 

0.77 ND 1.0017 26.63691 7?6.765fi L 11.0984 
2.0557 J 1.085 ND 

117fiqA 9.7m7 I 
316.64611 / 18.55371 1 6.23331 / 

IBenzoie)ovrene 
-\-,F, 

-. - 
Benznfo h ihnrvhw 

/ /NA / 
/ / 
IkIn I iNA 1 

835.5981 I 
I”?? , . ., . 

47.2615 13.2157 1.9057 J 1 573.8.. .-! 

333.0076 19.4418 4.6899 
183.6859 

1.5897/J 

12.178 1.9684 
197.2686 1 

J NA 251 I hlA 49.26651 
NA INA / 

~- -_lil ,..,., r -.,.-..- 
Benzo(k)fluoranthene 

Biphenyl 

Chrvsene 
6.02431 I 1 0.6608iJ 444.33351 I 20.64961 1 / 0.64/ND j 

8.12531 1 

Dibenz(a,h)anthracene 52.7742 j 
-- 

3.1757 

779.34671 0.3007(J 7.3992 J 

I 

1.0738iJ / 
I ! I 

37.8307 

22.71311 / z57mg1 ) 
I 

19.0906 I 
/ 14.36961 2stinl I 

I 2.0935 J 1.34 ND / 

( 

2.0815/J 
274.74061 I 

13.2458) 
, 

3016.6921 /Z 
' *vl9R!i1/ I Id-.--.. 

143.5151 

/ 

z 64.6812 Z 

165.57011 

19.2034iZ 

11.4375 

2075.2226 /Z 

2.1646 J 
21497.2799,z 

, 

I 771131 I 5.74fi3 I fldAc;lNn I 

-so .- 

Naphthalene 20 
--.---. - 

Perylene 

Cl (i7n1 I 5.4 
----- 

Phenanthrene 1 
./ ,.v..-, -‘. ‘- .-- 

303.59! I 20.15951 I 1.5153jJ / 
/ ““_“I a.2 , “I ..--,. 19.271 

Pyrene 11901 I 
I I 

49.5441 I 32.914! I 

1.20431J j 85.83691 862.3687 II I / 43.7144 
94n dRdq1 i 

/ 

Sum of PAHs 
9870 I 97.9279 

UA INA .- 
Total Polycyclic Aromatic Hydrocarbons 

INA 1 
1. ! - .-. ‘- ‘-1 

539ojz 1 

-../NA 1 

291/z / 

/NA / 

96/Z / 

INA / 

25.432/Z 1 
/“+A / /I... ( I.,\ 

33oo!z ! 34723.912 j 746/Z 

dsy-sd-1 .xIs 
D or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 22 of 27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

oampre Numoer 

Sample Location 

Date Sampled 

Description 

Matrix 

Duplicate Of 

Pesticides (UGIKG) 

Aldrin 

Hexachlorobenzene 

DSY-40-StJR DS 
DSY-40 DSr-w DSY-v4 

10112/95 
DSY-V4/ 

10/12/95 Ill II96 
0.0-0.5 

1/11/96j 
0.0-0.5 4.3-4.6 

Sediment 
3.4-3.8 

Sediment Sediment Sediment 
) , 

0.1 ND / 0.1 N 

195 (2 2’3 3’4 4’5’6) 

206 (2 2’3 3’4 4’5 5’61 

-.-’ ‘I “.“L.J ( U.~IY3L/ 1 “.3U4, / , 9.60: 

3.9331 j 0.5151 I O!ifxl I I 

0.52121 / 
I 

0.234 I 
. ..““T. I 

- .- 
I ~4.1312/2 

Botyltins (UGSNIKG)-- 
-.. 

Monobutyltin 

Tetrabutyltin 
Tributyltin 

4.91 . 0.5 ND 
3.321 

0.5’ND 
I I 

0.5 ND 
O.SiND / 

I I 

0.5 ND 0.5lND ( 
0.5/ND / 

0.5/ND / 
5.251 ! 0.5 ND 

0.5/ND 0.5 ND 
4.211 

0.5’ND ’ 
0.5 ND j 

0.5jND i 
3.381 / 0.5’ND 

0.5 ND 05/ND 1 
0.5/ND / 

0.5/ND / 
0.5/ND ( 

7.271 j 
0.5/ND 

0.28jJ 

dsy-sd-1 .xIs D or ND - Not detected; J - Quantitation approximate; z - Calculated Value 
l - From dilution anatysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 

23 of 27 





ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

dsy-sd-I .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 25 of 27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Duolicate Of 
jaeormenr 

^. 

INA I 
, 
INA /NA / 

/NA ) 
I * ., . 

/NA I INA 

/NA 
I .I, 

NA 
/NA 

NA 
~~ NA 

I... / NA 
I , NH NA NA 
, 
I 

I / 
I I I... I 

INA I INA 105(233’44’) * 
NA . ., . 

118 (2 3’4 4’5) 
NA NA NA 

128 (2 2’3 3’4 4’) 
NA NA NA 

138 (2 2’3 4 4’5) 
NA NA NA 

153 12 2’4 4’5 5’1 
NA NA NA . . . 

NA NA 

Hexachlorobenzene 

Mirex 

o,p’-DDE 

p.p’-DDE 

PCE 3 IUGIKG) 
101 fi 2’3 5 5’1 

1170 f2 2’3 3’4 4’S\ 
I /NA ) 

. . I . ., . 

118 17 ---- 7’5) -. --I I INA I INA I INA 
I *., < 

-t---r 

180(22’344’55’) 
/NA NA 
INA 

NA 

187 (2 2’3 4’5 5’6) NA 
JNA 

NA 

195 (2 2’3 3’4 4’5 61 NA NA 

Dibityltin ’ 

Monobutyltin 

Tetrabutyltin 

Tributyltin 

NA 0.5 NA . 
NA 0.5 NA 
NA 0.37 J NA 
NA 0.41 J NA 

dsy-sd-1 .xls U or ND - Not detected; J - Quantitation approximate; z - Calculated Value 
l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 

26 of 27 



ANALYTICAL RESULTS 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

late Sampled 
\.....~.. hX!SCrpTlO” 

Matrix 

Duplicate Of 

Metals (MGIKG) 

Aluminum 
Arsenic 
Cadmium _.__ 

. ..3 J Chromium 0.17 J 0.13 J 
30.5 49 43.75 

9 13.75 17.25 
16837.25 18616.5 19103.5 A,.- 

JPC-I-SUR-D 

JPC-1 

1 O/l 9/95 

JPC-P-SUR 

JPCQ 

1 o/27/95 

JPC9-SUR-D 

JPC-2 

I o/27/95 

0.0-0.5 jo.o-0.5 j po-0.5 

/Sediment I /Sediment 
I 

I 
WC-I-SUR I 

/ ----..-... /Sediment 
I .IPC7.SI IRA-l I-. - - -vs. - 1 JPC-L-SIJR 1 

/I I 
20423.25 ) 1 304601 1 26535 I .- 

2.51 / 4.841 / SFfll 1 
0 1: 

- 253.5 

0.13 
/ -. .” 

Il.251 / 141 I Id xl 

L6.J / 53.2 46 
1 284.25 256 

0.106 n I? 

I , . ..,” 

/ 0.0625/J / 0.262Sl 1 
Rfi9r;l I 

/ , n iKJr;l V. l”L” 
-Jn.-lc, I ,.^ -.-/ 

/NA / 
I I 
/NA / 

I 
JNA 

Silver 
Zinc 

Total Organic Carbon (M 

% TOC 

dsy-sd-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 
27 of 27 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND I 

Sample Number /CHC-I-CN / ICHC-I-DM 
Sample Location 
Date Sampled 
Matrix /Gunner Fish ! IDeployed Mussels 1 

Polvaromatic Hvdrocarbl 
,- _. . . / 

I - 
ens vnl uwg) 1 I I 

1.6,7-Trimethylnaphthalenl 
I ! I / 

I I I I 
e 

I I ! ! 
0.5257/U / 

I-Methvlnaohthalene / 9.5541461 ( 

0.5257!U / 

---3.1045421 1 
0.5257,U 1 T 05257!U j 

0.7938/U I ----ii- 
0.5257/U 0.5257 u 

0.7938/U / 2.081548 
151.21 1 

.----izTr- 
2.1309961J j 1.267jU 

0.7938jU 0.7938 u 
11.448136 3.640532 

12.7372561 j 
9.912421 ) 

1.192254/J 
3.101981 

1.267/U 1.267/U 

7.758324) j 
___ : 1 ! 1 6.142234/, ( ,.;;;;z; 0.735lu 0.735)U 1 0.735’11 

1.316\U j 1.3161U / 
I.400841 1 

1.316jU 1 -+ 1.316;U 

- 
0.714042/J / 

2.192681 0.371 iu !- 4.0461 

I- 10.430126/ 1 0.4039lU ) 0.4039/u 

Benzo(a)anthracene 
Benzo(a)pyrene 

-~. 
0.546.U ’ 9.449776, 

L efylene 

I 

; 0.995806 /J 
Chrysene 5.049716’ I 
Dibenz(a.h)anlhracene 

6.9289361 / -07364jU / 290684EI 1 - 
/ 1076894iJ I 

0.0686lU I 1.109192# : I.8951521 
14.4662841 1 11.88 846561 / 

/ I 

2.024316/J 82512221 i 103.6801g7/ 1 
n n686!u _.” 

1 1.910986~ ’ 2.3383361 0273/U / I’ 
, ldnfi818i i 

0.06861U 
. ..“_ 4.4521 i 

---..-___ 0.2731U / 0.963844! I 4 l!i7071 
lar Weight PAHs 

--b--A ..___- 
! 5062036/Z ! 44.28m 40.19 

n 273111 i 3.374; -I 

-cd)pyrene I 0.2156iU 1 0.2156’U : 2.1 
3r Weight PAHs 

-. --__ 
2.15621iJ I -- 4.316648’ 

Pyrene / 3 3907721 12 408354, 10.3 
Total Polycyclic Aromatic Hydrocarbons -- 

, 193 
2iz ! 

118.94765412 89.41 

PCB fnola~ I I I I 

105(233’41 c 153 (2 2’4 4’5 5;) 
___- I ---- 

I 20 579692 / 6.83774; I 6 730921 1 3.094574i / 12.8158 

I__I-- 
I ~~ lOl(2 2’3 5 5’) 

1’) 

i18 (2 3’4 4’5) ~__ 
128 (2 2’3 3’4 

138(22’344 

---d-1 /- 
! 6.09728' ; 2.3604, : 2.32316; / 

1.721104i : 0.490364 i J 0.4 : 

9.0153421 2.9616721 2.70 i ! 

4’) I.0418521 1 1.383662 1.85 I / 

‘5) I 11.185286’--~-- 4.822118; 4.4 

L / A 

- 1 ‘c634 / ,..” 

I Eiqq 8076/J 

---‘-/ ! 

0.786408!J 1 0 663404!J j 0.554806jJ 1.024982/J / 
I.562821 j 

4.255426 j 

74581 I 

-- 

l~lO5342)2.021866~ z&9430521 1 2.690212/ 5.1802661 / 16.349061 

6908; 
.___-_ j I.lI2342i 0.651966, -___ / 

2.0910961 I 
3.426011 

I 
/ ! ! 

‘i2.48514! ; 3 

/ 
--.__ 
.8948i I 

ti70 (2 2’3 3’4 4%) 1 2 529772! 
-’ 

0.459564’ 0.26 

~___. 
187 (2 2’3 4’5 5’6) ) 4.930436; i I.6739241 / I.96351 / 4.4126041 
195 (2 2’3 3’4 4’5 6) 

3.: 0.5702481 / / 0.176428’ 410838561 ( 0.056 U 

206 (2 2’3 3’4 

0.258734 ( 

4’5 5’6) 0.7706441 i j ( 0.056iU j 0. 

209 (2 2’3 

O.25%48/ 0.532756 

3’4 4’5 5’6 6’) / j 

2.380112 

0 228536) 0.262934 / 0.61565 j / 0.1008 u I Fiz&+-+ 

28 (2 4 4’) 0.6845861 1.06768 

, I _.--. - 
?758( 941 ) 0.8214361 / - 

331 I 
1.00058/ 

21 1 2.2948241 1 2.881396/ / 0.809648/ .2141-, 
/ 1.9919341 

, “s7416/ / 0.2640121 -._- 
/ I.2713261 / I.1075681 

dsy-ti_I .xIs 
U or ND - NoI detected; J - Quantilation approximate; 2 - Calculated Value; I - Interference; 

* - From dilution analysis; R - Rejected; NA - Not Analyzed lof14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

I Date Samoled 
/CHC-1 ; !CHC-1 1 /CHC-1 

12/7/951 I -___- 
! @WC-1 i 

11/71/wi I '1121951 -1 12/5/951 I 

Tetrabutvltin u ' 
I 

0.35 o-j- 
/- I 

0.35;u 
~~.. "._", 

0.35:u ! 
.____ 

t 0 

. - --.- , I=, J, Aluminum 

Arsenic 

Cadmium 

Chromium 
Copper 
-_r__ Iron 

Lead 

Manganese 
Mercury 

Nickel 

Silver 

Zinc 

-.f , 

2.0888 ! 8 5526 1 834681 ~.~_I_ 
---xi?!u& / / / 

0.4872 
i 

1.04721 
! ---I 786941 ! 0.007/u 

0.65521 / 3.0352: 
1 2.34781 

0.1316: : 
0:1036; ' / I.43081 j I.75841 j 4.00961 

0.0812, I 0.03221 j 
/ 0.5096; 

L--b 
0.2604' I 

0.17081 / 0.2451 0 25761 l-.2002T-- __--- 0.1694( / 00504( 
1 

/ 

-.--- 0.441, / 0.421 1 0 

0.1162i 
0.1946: 

1.54561 i 1.67021 

9 57461 I 

e-d / 14.26881 0.58241 / 1.67161 21.22261 

22 2572 / 

/ 2.4472 / 
3 5588 1 

0.1176' / 
-+ T 61.2066! / 29.5148 5.63781 

0.3626, / 0.1092; / 0.0252 j 0.81341 j 0.000042 U 0.021981 

7.40881 

0.4494; I 0.6931 !NA 1 0.6972; 0 0723071 1 1 2.42% 1 1.5736 0.35841 

0 11061 

0.0237721 / 
nn?5802j ! - 0.0319341 / 0039088i / 0.024444 0.0367921 

0.3136; 

0.21981 j fl7fil6l ’ 1 n4rm 0.21281 

0.018046/ 

/ ----"I- 1 ,?8i 

0.14281 

16.65721 / 10.68621 ! -'-"-"-=l 15.7402//2.3018/ j 0.0728: 

1 581141 

) 0.000042/U / 0.53761 j 
0.22121 / 

0.57541 / 

3.07581 i 
0.000014/u / 0.000014/u / 

I ". '---/ 
0.5376; I 

I 

n nnnni4ilT n nnnnG*j 

10.44961 1 12.83521 I 

dsy-ti-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; 2 -Calculated Value; t - interference; 

l - From dilution analysis; R - Rejected; NA - Not Analyzed 20f 14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
.,r,.,nT...- . . ..I-...- I... -..- 

Sample Number IDSY-26-DM 
Sample Location I DSY-26 

i IDSY-26-IBM ( IDSY-27-IBM / JDSY-27-LOB j DSY-28-CN 1 /DSY-28-DM 
; IDSY-26 1 /DSY-27 i IDSY-27 / DSY-28 / ~DSY-28 

/DSY-28-IBM j \DSY48-LOB ) 

Date Sampled 11/21/95’ j 
IDSY-28 / ) DSY-28 

,- I 

Matrix -- 

10/12/95 / 10/24/95 / / 1 l/2/95 i 
Deployed Mussels / [Mussels [Mussels 

12/l 3/95, 1 11121/95 1 1112195 i 
( [Lobster 

Polyaromatic Hydrocarbons (PAHI fnala) 

1 Cunner Fish / jDeployed Mussels 
1112/95 , 

(Mussels 
I 

/ ILobster ! 

. I. V”, , 
~ 1 I / I I I I ( I I 

1.6.7-Trimethyinaphthalene 
I I 

I-Methylnaphthalene 1-- 
0 5257 r/u/ 0 

I 

.5257 
0.7938jU / 0.7938/U / 1.856442 

1.267lU 1 1.267jU / 11.720968 

NEYVI-“lx I, nnuut ISLAN” 

lmhenanthrene ---I- 
2,6-Dimethylnaphthalene 
2-Methylnaphthalene 

--t- 

1.316!U i 1.316fU i 
Q 1.423191 ! - 0.371/u/ 

1.316jU 1.07093 (J 1.9768’J j 

0.371 ju 4.5559921 / I 6.39748 
6.93287’ I I.??319041 1 8,2756&j] 0.4039 /- 

qmfi4x 

/ 
j 33.1909061 I 23.347674 / I 1 14A714i.l I 

- Jll 1 0.547E 

----- .--I I ~~ -. .I , . - - --- 0.833jJ I 
10.5851341 i 145.61148( / 40.559778; ! 4.0607141 / 6.001; 

0.5061 iU ! 76.726482) 

10,234532/ i , 

4.021598! 
16.747598’ 323.4 / 55.024144/ / 8.534512, I 

12.408116! i 1148008121 32.737391 / 2.801331 0.546111 i 8.50! 
0.2177;U / 20.6---- .’ 

Benzo(a)anthracene 

Benzo(b,j.k)fluoranthene 

Uloenz(a.h)anthracene 

0.273iU : 4.t 
ular Weight PAHs 

.3-cd)pyrene 

2721 j 0.27w 

Low Molecular Weight PAHs 
Naphthalene 0.2352,t-t ; 2S.t 
Perylene 2% 
Phenanthrene 

_. 

352;:, / ;.;;;;;;; j 

___~-- 
Pyrene __~-- 
Total Polycyclic Aromatic Hydrocarbons .l 

_____ 
175!Z / 1262.8/Z 1 555.8iZ j 71.1212 / 21012 I 

PCB W&A I 
71.339212/Z / 152.6iZ I 79.1 :z 

1 / 

101 (2 2’3 5 5’) 
I i I I 

i 5.54456! ~ 
1 I I 5.78046/ / 7.94962! I 

73.960181 l.C”^^“’ / 

i I 1.6079’ 24.1836: ! 

105 (2 3 3’4 4’) i 
/ 

/ 5.253081 / 5.681621 1.63324 i 

1141104/J I 1.34891 / 13.4008/ 1 
118 (2 3’4 4’5) 4.3275681 4 / .I43861 

5.55611/ / 1.452437 
/ 

128 (2 2’3 3’4 4’) 
1 6.236454 ( ! 

/ 
7.249942 ( 

0.8988iJ 5.07003; 
21.576716/ 

1.6465 
12; / 2.X94614/ / 2.7329821 / 1.049566 / / 5.449781 1 / 3.679341 9.650522, 

138 (2 2’3 4 4’5) 021 / / 16.472131 5.3603481 1.70401 I j 1.620584 

--. 
153 (2 2’4 4’5 5’) 

12.277581 j 1.734278 1 

-__- 
17.6101521 

. .~ 
17.4454421 24.1983421 ’ 

1.16228i O.-t 

50.9719841 9.197678) / 11.746308/ 
~.__ 

170 (2 2’3 3’4 4’5) I- r 
0.6389881 “f~~~~“,i / :~:~~~ 

9.9651721 ---_)-___~-_ 

18 (2 2’5) 2.363578. 0.382424jJ ) 0.874412iJ - 
I 0.312928IJ 

2.674561 ; I.6922781 j 3.865484’ I 
0.195804’J 1 

28.3807721 

3.590091 1 

2.6421361 
5.690721 1 

2.3640681 
7.802774 2.536744 1 2;y;;i / 

( 4.793432; 

195 (2 2’3 3’4 4’5 6) 
3.548902 0.1993881 5.314624 / 0.0561U / 0.131698 

0.3729741 0.630421 

4.4095381 

206 (2 23 -.- 3 -i- 4 4’5 5’6) 
/ 

8.240646’ 

0.5229281 0.7678861 / iKGkH-- 
0.41608 

0.31409 
0.6565161 

209 (2 2’3 3’4 4’5 5’6 6’) 
0.4633021 / 

0.696318 0.50883 
0.5797121 / 0.088831 J 0.484834 / 61 / 

0.97581 
0.317851 

28 (2 4 4’) I.4263761 / 2.2939141 0.589638 1.162056 

1 1.42149) 1 1.0171/ / 0.8106981 1 
0.582751 

1.55491 1.38474 0.6323661 

dsy-tjl.xls 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value; I - Interference; 

* - From dilution analysis; R - Rejected; NA - Not Analyzed 3of 14 
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ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND t 

1.2671U ; 1.267it.J i 
aphth; 

Il.0364941 j 

6 6009581 

, 

I 0.735/u / 0.735111 / 0 

halens 1.316iU I -m---m--- 1 1.316iU 1 

1 5.528278’ / 21.074971 / -0.371 ! 0.371/u ju / I, 

___ ,e 4.369471 0.4039,u ! --‘--CT 0.4039111 , 
5.63388 ) 1.12’U ’ 

0.4704 u j 
----A .-__I__ .L4.25( 4.67705: 

scene 7.512582, 0.4704 u I ___~. ..~--___ 
he 1 1.678502 0.5061 ,U 1.831956 / 

oranthene / 3.776136 9.936024; / 12.50186: 18.C - 3.310454, I ____-- 
,e I 0.546 U 8.30445 1.35226’ I ___ -_I~ --_l--~..----.----~. --.--- .___ -.-I..~ 6.38897’ ! 0 

!rylene 0 21771U 0 2177iU : 1.773366, j 3 607 ,.____.__, 0.2177:U ; -. ____ .~- 
1 0.882784 J 0.798 U 0.79&U i 0.7981U 1 0 

7 0 73641U 5.229252, 0.7364:U j 5356106; .___~_ : 9.43 
thracene I 0.0686 u 0.0686 u ; 0 0686~11 I -. -_____ 

uoranthene - 1 5.39189 5.4640741 / -- 16.627282i 1 25 OOA 
uorene i 3.611538 0 273 IJ 2 0887!x 

I- 

--__-. ---A. ~~..__I I 0.273;U i 0 
High Molecular Weiqht PAHs t 13.440896.2 ’ 60.077164.2 IR 79)9344IZ 1 
II / 

L 

Sample Number -. JDSY-29-CN 1 IDSY-29-DM 
-- 

1 IDSY-29-LOB / JDSY-31-DM 
Sample Location I ,DSY-29 

i%le Sampled -~ .___ 
]DsY-29 / IDSY-29 / !DSY-31 
j 12113195’ / ---iii2v9q7- 

-___-.-._ I--~ ----- 
11/2/95: / 

-----..---pwp .--___-i- 
1012 1 o/20/95 / 

Matrix ICunner Fish / iDeployed Mussels 1 /Lobster 
II/X / -~ L-- O/95/ 1 

/ iDeployed Mussels i IHard~a~rd Clam / 
/ 11/21/951 

/Deployed Mussels I 

Polyatomatic Hydrocarbons (PAH) (nglg) ; I ; I I 
/ 

1.6,7-Trimethylnaphthalene 0.5257iU 1 052571U ! 
I-Melhylnaphthalene 0.7938’U I 1.378832/J / 
I-Methylphenanthrene 
2.6~Dimethytn: 
2IMethylnapht --~ 
Acenaphthene 
Acenaphthyler 
Anthracene 
Benzo(a)anthr iO32’ j 0 4704,u 
Benzo(a)pyrer 

11.089498/ 1 -- 
19361 I 5.963398/ / 0.5061 ,U 

Benzo(b.j.k)flu 
Benzo(e)pyrer 

*; 13.212472; i 0.8681U 

Benzo(g,h.i)pe 
Biphenyl 
Chrysene 

Dibenz(a.h)an 
FI 
6 

-- 
_ _. 181 j I ___~ 3.362186! j 0 736431) 

n.0686 / u / 0.c 0.0686111 / O.O686!U t68qu 1 

1756! ’ 21.31851 I 12.227642: 

L 

ideno(l,2,3-cd)pyrene 

I--- 

ow Molecular Weight PAHs 
Naphthalene 

U ( 
___- - 

‘0.2156 ! 0.2156:U : 1.47945r , 
1 20.617688 2 : 39.5323612 I ___-. 

0.2352,U i 
12.73029812 j 13.014736;Z : 10.180688i 

0.23521U : 2.7192481 / 
[Perylene - 

--_____- -___ 
1 0.452662’J ; 0.49il-l 0.491u j 

Phenanthrene Pyrene 

Total Polvcvclic Aromatic Hvdrocarbons 

/ 6.624422 ~ 6.629854, 3.94408 5 ! p 3.331566/ ___~_ 738586’ 4.025602! 1 1.323:U /-5.09509, - i 77 85tl45’ q777QlA’ / ‘fi A31534 i 27.6010561 25.44248, 1 17 3737A8* 

46 34 Z I . , 
pep I-..,-\ 

= (“Y’YJ I 

iz 
L 

(2 2’3 5 5’) I 16.765141 1 
105 (2 3 3’4 4’) 5.458348: / 
118 (2 3’4 4’5) 
y2q2z 3’44’)-- -__--. 

j 20.1926341 / 
,- ---___ 

-___- 1 4.3999761 i 
138 (2 2’3 4 4’5) ---pEGz~ 

153 (2 2’4 4’5 5’) j 58.457028 : 

170 (2 2’3 3’4 4’5) i 12.934656, 
18 (2 2’5) / 0.20699,J I 

--.___ ._ 
-“-‘-’ ‘, I 

.u. . . 

122 05207;Z 48.16!Z ’ 75.9707912 i 119;z ’ 113.68:Z : 24.60143;Z 
, I ) ! , ! / I 

/ 1 I 
6.832981 3.0289; i 2.26352; / 4.97476, 

17.648751 0.462714/J i i 1.495578 j I 34 2195281 i 1.4937161 
-~ 

/ 

4 100278 : 2.084726 / 1 
-2 O.iEi$ 

__- j I.8945781 6.346256 2.5810961 / II_. 
1.542311 : 0.495264 1 j 

j 5.4928021 
I.631841 0.653898! i -PC--- 0.492212i repi 1.44725, 

8.38509! I 3.62712; ! 9 415112.! 3.7163981 5.1526581 / 1 ~___- 8.48589: 

10.981754 4.961474, ! 13.419924: 7.3284121 ; / 5.287898~ / 12.0602861 

0.6032181 ’ 0.91245: / --_I.-__L__-_ ; 0.490742 1 ! ___~ / i 0.868211 0.802074 , 0.5219621 
0.455111 1 057799iJ / 0.455’U 1 0.382102!J i 0455iU i -B.sizim 

187 (2 2’3 4’5 5’6) -1 18.431364j 1 3.350074 j / 1.90859; 

1.15~73/ / 0.221312/ / 0.6009081 

I.73671 1 0.510818;I 

1 

0 888311 
3’4 4’5 5’6 6’1 

-.29383732;-.r.--- ~-~4~826r-)- ---.-I -‘----‘-I- 

I.9885181 1 2.2199381 i 
-.---A.--.-i L-.-...--___ 

I.9951681 / 
!I I 

2.56214i 2.152206 1 

3.6658581 
0.1422961 II 

0.5745181 

0.792051 
/ 

1097082 0 701218 

0.952266) j 0.6166721 ( 1 0.7988821 0.658574 / ; 3.902286, 0258958) 0.058282 J 
-__ 

0.645526 0.91315/ ! 0.8997661 1.1524241 / 1 1.647506 1.747424 
0.7351261 + - 

dsy_ti_1 .xIs 
U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value; I - interference; 

’ - From dilution analysis; R - Rejected; NA - Not Analyzed 5of 14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

,DSY-29-DM 1 DSY-29-CN 1 I /DSY-29-LOB 1 IDSY-31-DM 

Matnx 

44 (2 2’3 5’) 

52 (2 2’5 5) -__-- / 4.328702, - ~---~_ I 
66 (2 3’4 4’) 

~-..- 

8 (2 4) 

PC6 Sum of Congeners 
.~t) wm or Longeners x 2 
,..&..,li^^ I-- C-I_\ 

-.---. :- I..uY”““, 
I 0.667731 ~ II ; 

___. 

F-” *--- -= -~ 
221.2! i 60.748296: i 24.1 

6uIylms ,r,y an,y, I 
Dibutyltin 

-~- -- 
0.42, Monobutyftin 

I 0.49:u i Tetrabutyltin 
.- 

/ 0.35 u ___- 

Tributyltin / d R73R 7E1-l / n A,. ., 

0.329iU j 0.4265661 J / 0.329lU I 
_‘-----’ i 

36085, 1 
0.329111 1 

! 443.8’2 I 121.49659212 / 
54.9989721 i 

49.721712 1 
665358821 I 25.7246641 1 -,..utLotu, 

109.997944/z / 133.0717512 / 51.44934212 / 
i ! 89.345032 IZ 

--! ’ / 
U 

i I I 
042iU 

1 I 
0.42 u 0.42!U j -- 0.42;U 

I j 
- .^ . -- 

0.49,u ! 0.49IU oT491u j 
!N^ ‘- 

0.49!U I 
0.35’t.J I 0.35,u I Il.15 II, 

/N 
cl76 II iLI 

A”; U4LlU 

0.49;u 
- --/- Y.“” ” ; ,wA j 
.--i 6.7074, ! ~NA i 

0.35iU 
2.8784’ Metals @g/g) 

rsenic 
admium 

..--LV L.JL, : “.4L ” / 1.33 
I I 1 I 
I 3 mm 

/ 
0.007:u I 

i i ! ’ 

3.9984 ~ -- 

00658. \ -7----- 
Chromrum .~___~ 
Copper 

- 
__-... 
Iron ~-___ 
Lead 

-___ 

Manganese 
Mercury 

Nickel 
Silver -- 
7inr ,- 

i 
YI ,UYS 

! 0.16521 
----- .___. 

026281 
I 3.05341 

1 0.23941 -- 
i 0. 

-- I 0.8848i 
--- 

/ 14.05321 / 1.. 

i 9.29461 0.1274: i 16.55221 0.13161 ~ 0.0308! / n 
0.2758’ 

-j 0.0234781 i 

I 3.91721 I 

2.63481 0.24361 i 
----A -- / i 0.023702! I 0.040236 

04018; i o.oom 0.2436: 0.8176; i 
1 

, 3.99561 ! IO.49161 j 18 1174: / 

U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value; I - Interference; 
* - From dilution analysis; R - Rejected; NA - Not Analyzed 

6 of 14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 
Sample Location ______ Date Sampled 

Matrix 

Polyaromatic Hydrocarbons (PAH) (nglg) 
1.6,7-Trimethylnaphthalene 

I-Methylnaphthalene 
I-Methylphenanlhrene 
2,6-Dimethylnaphthalene 2-Methylnaphthalene 

Acenaphthene 

Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

Benzo(a)pyrene 
Benzo(b,j,k)fluoranthene 
Benzo(e)pyrene 
Benzo(g.h.i)perylene 
Biphenyl 
Chrysene 
Dibenz(a.h)anthracene 
Fluoranthene 

Fluorene 

High Molecular Weight PAHs 
Indeno(l.2,3-cd)pyrene 
Low Molecular Weight PAHs 

Naphthalene 
- Perylene 

Phenanthrene 

Pyrene 
Total Poiycyclic Aromatic Hydrocarbons 

PCB (w&O 
101 (2 2’3 5 5’) 

!DSY-33-LOB j jDSY-33-PM / !DSY-34-PM / ) DSY-35IBM / 
I DSY-33 

; jDSY-33 1 1 /DSY-35 DSY-35LOB / /DSY-35MM 1 DSY-36CN / 

-- /DSY-34 

jDSY-35-PM 

10/2~i%t-l- ---t- 

( 
DSY-35 

--~ I 
/ !DSY-35 

11/2/95( / 1 o/20/95 ! j 10/12/95 
j jDSY-35 DSY-36 ~-. 

I Lobster I iHe 

I112/951 i 10/20/95j / 
j 

10120195 12171951 
iMussels ‘/ Lobster 1 iHard Clam / jHard Clam 

/ 
Gunner Fish / 

I I 
05257/U I 

I I I 
0 5257)U / 0.5257 U 0.5257 U 

I 
0.5257 /U 

,,,,,1’ ,,kagf;;, ,.;i!?j; :: 

0.5257/U 

/I- I 0.7938lu U 12.166952 1.62113; / 22.1889781 1 17,$i;;;; y;“9 J” / 

0.735/u I 0.73qu 0.735/u 
29.2785781 

2.695406 1.927618jJ / 1.326111 0.735/u 
1.316/U 

0.735/u 0.735 u 0.735 u 
1.316 U I 1.316 U 1.316 U 

0.371 /u / 0.395948/J 0.371 Iu 0.371 
I 

u 

0.4039jU v 0.4039 u 

0.371 u 0.371 u 0.371 u 0.371 u 

0.4039/u 0.4039 u 0.4039 u 0.4039 u 0.4039 u 
1.12:u 1.871198jJ 3.566794 / I 2.7745481 0.43491 J 1.12iU 0.924546 J 1.12 u 

0.4704iu I 4.9344681 6.46044 1 4.35541 0.4704111 2.200786 / 3.01427, I ,NA . 

0.5061 IU / 3.1422021 0.5061 3.1065441 ]tJ 1 0.5061 

3.215381 / 4.98261 6.81163 9.244t 

/U 0.975982jJ / 2.2606641 0.5061/u] 
i62 c 

0.546 U 7.316: 172’ c 

0.2177jU I 1.855518/ j 1.56786 I .9804 168 
1.9929, / ‘98 U c 
0.7364 /U / ;I2 0. 
0.0686jU j 0.0686 I u 0.0686 u o.oc i86 u 0.1 

4.5001881 8.0025821 10.274502 14.671 i85 4.60 
0.273 ItJ 0.7259281 0.72989 1.6261 128 c 

13.72106412 29.82361212 34.208622 Z 36.2376 586 Z 

0.2156iU 1.229872 1.105188 1.453; 1 !I4 -0. 

11812 3.32’ 
352/U 

II 

2.7775721 2.0036661J 4.919684 / 5.838 / 

7.4393761 / / 10.843644 
- 

7.7937581 10 .99i 1 / , -‘--. -. 42.28iZ 
/ 65.812 70.14 z 70.7699312 1 IO.3612 / 22.6812 / 

/ 
41.5812 / 

I I 

45.6412 
I / I I / I I I I 1 

I.495061 I 2.73546 ( 1.0703, 4.84! 
I 

I 

105 (2 3 3’4 4’) 5.844581 / 4.818031 1.504972 
2.618981 1 17.165541 

05726iU 1 44QR7flfil 
118 (2 3’4 4’5) ” 

3.0892821 0.812784 3.712688 
j 2.2036141 

0.597184) / 0.4954461 / 1.944586) 0.558264 J 
1.9962& .-----, 

128 (2 2’3 3’4 4’) 
138 (2 2’3 4 4’5) 4..5537381 0.210252 2.835504 / 

j 18.7636261 
0.137634 J 0.915642 

j 4.7555761 

0.3426921 

---. 2.607528 10.32948 2.9749021. 1.10957 5.359368 

153(2244X5’) 6.588541 / 7.289031 3.300976 ~I___ 14.514458 

170 (2 2’3 3’4 4’5) 0.7722121 / 1.07885477266 

4.282391 2 398032 7.432852 
0.23828 0.719054! __ 0.676438 

60.353791 

0.927766 18 (2 2’5) 11.629436 0.174034iJ 
j 0.455 / u 0.455 u 0.455/u 

1 

180(22’344’55’) 1.5015841 j 0.455 u 0.455 u 2.056138! ) 2.804844 i 1.91289 
187 (2 2’3 4’5 5’6) ! 1.576274 , j / 2.44511 1.480612/ i 

0.108571J 

1.585262 2.626526 26.316066 
1.982876 1.482376 5.179482 1.428994 0.933744 195 (2 2’3 3’4 4’5 6) 0.5751761 I 0.5673361 j 2.815204 19.51271 

0.244958 0.056 U 
206 (2 2’3 3’4 4’5 5’6) 0.9938261 I t / 0.9027481 0.896854 0.360206 

0.280588) 0.149968 0.425572 1.28lOI8 ___- 
209 (2 2’3 3’4 4’5 5’6 6’) 0.6107921 / 0.682136 1.019018 2.438268 

0.7247381 0.92421 0.370412 

0.504771 1 

0.354984 0.868154 28 (2 4 4’) 0.53081/ ) ) 1.1102 

1.542086 3.372292 1.258488 

0.4291281 / 

, 0.7585341 1 0.177254jJ / 2.9155421 0.6805121 

U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value; I - Interference; 
* - From dilution anaiysis; R - Rejected; NA - Not Analyzed 7 of 14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE tSLAND 

Sample Number 
Sample Location 
Date Sampled 
Matrix 

44 (2 2’3 5’) 

DSY-33-LOB / 
DSY-33 I 

1 l/2/95/ 
i__l_t 
/Lobster 1 

I 0.68901) ‘52 (2 2’5 5 j 1 0.9399741 1.65011) 1 1.032402 1.21184/ 0.089866 J 0.161966 0.365904 

0.673512) 

/ 

I 0.701442 1.466556 1 1.058302 / 0.392784 J 1.6261841 4.86157 

66 (2 3’4 4’) 1.4434141 1 1 708841 0.96761 j J 0.5397 u 0.95249 J 0.890484 J 2.177616 6.314042 

8 (24) __l_i 3;:::;:;::” j 36.66q%/” 21.7;;::~“+$;;;; 
J 1.019844 I 0.329 u 1 I 

PCB Sum of Concteners 1 22.156596 11.154668 33.886636 218.4 

1 73.32355812 1 43.5962112 [ 97.445544 2 44.313206 2 j 22.309322 Z 67.773258 Z 436.2 Z 

/Mussels 
- 

1 0.8772961 

PC9 Sum of Conseners x 2 

B 
II 

1 65.67195612 

ahrUin+ Inn Snlnl / i / / I / I / I I I I I I I. 

IN* 0.42 U 

INA 0.49 u 

-.--s /NA 0.35 u 
n47lu 1 5.474 I /NA 1.75981 

--I--.‘-- ,..= -... ~, 

ibutyltin 
Monobutyltin 

Tetrabutyltin 

Tributyltin 

Metals &g/g) 

Aluminum 

Arsenic 
Cadmium 
Chromium 
Copper 

Iron 
I Carl 

0.42jU 
’ \ 

0.42iU 
, 

i 0.421” / 0.421” / 0.42/U / 

0.49iu 1 0.49/u ) 

0.421” 

0.49p 0.49/u / / 

0.35’” I 0.35ju / 0.35 / u 0.351” 

0.49p 0.49ju 

1 n 35lU 1 0.351” 

0.421” I 7.532) 1 5.4951 1.28521 / -. .-, 

I I I I I I I I I I 
0.54516! / 

I 
: 11.84681 1 999321 11.4591 0.007ju / 

3.1151 

13.21321 

/ 0.82321 I 1.20681 j 0.87221 2.27221 / 0.89881 

0.0224; / 0.0924 j 0.0994 0.1022 0.07841 j 

0.2786; / 0.259! 0.2982’ 0.3108 0.30241 I 

8.4491 ’ 1.2096 i 1.4196 1.05, 17.97461 / 

4.361/ / 26.7246 I -A’ 28.22681 / 28.6482 SF1491 I 35.948r 

0 06581 / 0.0000421” I 0.23241 / 0.245 n- 

fz$-J 
I I 

- - I I  

Manganese -1 0.4354/ 
0.031766i 

j1.7808; i 2.7854/ ’ Oy3808’ ;:3584/ / 162681 

Mercury / 0.0172341 j 0.0166461 0.023226 0.037241 j 

Nickel 0.24361 / 0.000042/U 

0.016954/ 

) 0.2954 / 0.000042 U 

0.48021 

0.12741 / 0.40881 

Silver / 0.000014i” 1 0.000014~” / 0.000014 u ) 0.91561 j 0 000014~” 

0.014028 0.020328/- 

0.217 0.2002 j 

1 0.000014 u 

Zinc 14.71961 I 

0.000014~” 

14.24221 j 12.93881 ( 18.1441 j 15.407/ 1 15.5191 17.4636 7.68461 

dsy-b-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value; f - Interference; 

* - From dilution analysis; R - Rejected; NA - Not Analyzed 8of 14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 1 

/ /DSY-38 1 IDSY-38 I /DsY-39 

11/21/95/ I 10124195l 1 
/ 

10/20/95) / 11/21/95/ 

II 0.79381U / 0.7938111 1 
3KllI ! 

0.7938/U 
' "fi7"J / 10.5733181 / 1.267/U .-VI ,” 
“--’ - 

0.890554/J 1 
II I 

0.73qu j 
I 

4 -,ldlJ / 

0.735ju / I.8324881 
1.316iU 1 1.316ltl 

0.371'1 / 0.371 I.“,” u 1 / / / 0.7814381 

j 0.4039 u 0.756098jJ 

/ 9.437694 

1.664502 1 4.550896 
i392 J I - 0.39704,J 1.49205/J j 1.12 u 
I8241 1 0.4704 u 6.3976081 

l.l2933rr--- 
/ 2.4864281 

0.5061/U / 2.8938561 ) 0.5061/U 

i616; j 

0.2177lU / 
0.798/U I 

2.0157341 / b686lU I 

0.546/U 0.546jU 6.2131861 

0.2177111 1.7956121 3.2311021 
0.798/U 0.798/U 0.798/U 

0.7364/U 3.9152961 0.0686lU 0.06861U / 2.757384 I 4.641658 

5.585441 I 1755741 j I.913941 I I.69471 I 3.945061 I I.003521 / /NC j 3.424961 I 
105(2 3 3'44') -- 0.893508/J / 29.208551 

118(2 3'44'5) 4.092481 1 4.66831 

128(2 2'3 3'4 4') 2.781381 1 O., 

138 (2 2'3 4 4'5) 14.041371 

153(2 2'4 4'5 5') 2t 

170(22'33'44'5) 
18 (2 2'5) 

180(22'344'55') 

- 
k 

8226541 

/ 5.355491 6.6213561 / 5.5818561 6.826751 

1.21537; / 6.433281 7.0628881 / 7.8646821 10.004 

0.5042241 : 1.1128741 / 0.951931 / I.0345161 ) 0.62:.__, 

0.455/u / 0.455ju 0.42161 J 0.2317561J 0.455/U 

187 (2 2'3 4'5 5'6). 

2.45211 2.095702/ 3.313016 3.66338 1.788aT 

6.7227581 1.7304141 2.829862 2.872072 2.892 

195(2 2'3 3'4 4'5 6) 0.0561U 0.3547461 0.14441 0.437332 0.4oc 

206 (2 2'3 3'4 4'5 5'6) 0.408548 0.678314 1.131102 0.58275 0.6% 

209(22'33'44'55'66') 0.466438 0.636874 1.380484 0.71155 I.% 

28f244'1 1.233736 0560876 .I n RC 

3 
-i - 

3721 ( 0.3203481 I [NC; j 
,_.- 

I.0162041 ] 
1.009454 I 

I 

Ii761 / 
/ 

4.5125921 / 
ilS6l I 0 xfmnAl 1 

INC 

(NC / 8.2030061 

/NC / 0.4422321 

dsy-ti_l.xls 
U or ND-Not detected; J - Quantitation approximate;2 - Calculated Value; I - Interference; 

l - From dilution analysis; R-Rejected; NA - Not Analyzed 9of14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number DSY-36-IBM / /DSY-36-LOB I DSY-J6-PM DSY-37-PM DSY-38-DM DSY-38-LOB 
Sample Location 

DSY-38-PM 
DSY-36 1 !DSY-36 j DSY-36 DSY-37 DSY-38 

(DSY-JO-DM 
DSY-38 

Date Sampled 
DSY-38 

10/24/95 / I 10/12/95 io/20/95 
DSY-39 

10/20/95 11121195 10/24/95 
-- 

Matrix 

1 o/20/95 
IMussels / /Lobster k--- /Hard Clam Hard Clam Deployed Mussels Lobster 

11/21/95[ 
Hard Clam 

44 (2 2’3 5’) 0.969318! / / 

Deployed Mussels / 

0.866628 0.564102 0.114408 , 1.156148 1.008966 
52 (2 2’5 5) 1.794688) 1 0.984284 

NC 1.22689 

0.361354 J 1.967882 0.733264 

66 (2 3’4 4’) 

, I.0130261 
0.5397lU 1.48638) 

NC 2.073554 

/ 3.124912 1.420734 0.5397 u 1.482124 
8 (2 4) 0.465571 / 0.329’l-l NC 0.5397 u 

J 0.329/u NC 0.300776 J 
PCB Sum of Congeners I---- 

0.252042 J NC 0.293846 J 

29.915746 38.43035 20.346522 PCB Sum of ) Congeners 125.253884/Z 1 58.7798121 i 34.483498) x 2 
11755961)Z 1 68.96699612 I 76.86071412 

j NA 32.237982 
59.83150612 , 1 40.693044 12 1 

Butyltins (ng Snlg) 
z I 

I I 
64.475951/2 

Dibulyltin - 0.42;U 1 0.42 U -0.42/U 042 U 
Monobutyltin 0.49;u / 0.49 u 0.49lU 

NA I 0.42/U NA 0.42 U 
NA 0.49/u 0.49 u 

Tetrabutyltin 
NA 

0.35,U i 
0.49 u 

0.35iU i 

v- 

0.35 U j NA 
Tributyltin 

0.35/u 0.35 u 
1 

/NA 0.35 u 
9.3996 NA I.16481 0.42/U INA ! 

Metals (uglg) 

1.3524 j 

i I I I 
/ 

Aluminum 11.83841 I 6.01441 I.46441 j 10.3348 12.36341 j 0.007 u 13.49881 
Arsenic 15 0.861/ 1 / 0808 

2.77761 1.0402 / 1.0402 / ) 3.6512 0.0546: j 0.000042/U 0.8512 
Cadmium 085121 1.2516 

0.1162/ 0.0896 0.0868 0.0686 0.0826 Chromium 
0.3444 

Copper y-%q-+ zj,8/ 1.6744 

/ 0.0448 
0.2422 0.3668’ / 0.273 0.2576 0.4186 -- 1.2502 

1.6016 23.128 1.4616 

Iron 27.62481 5.85761 / 24.5616 77.073 
1.2026 

52.8038 4.0838 
0.000042/U / :.0476/ 

22.4532 

Lead 

20.02 
0.3052 0.4158’ 0.2702 0.0364 Manganese I.57781 / INA 1.5176 0.000042 U 0.000042 U 1.4616 

2.191 0.6118 2.2372 

Mercury 0.026418/ ; 0.045906 0.020986 
1.8774 

0.021546 0.0179481 0.046046 0.023464 
Nickel 0.60621 / 0.019726 

0.2044 0.2618 0.2198 0.4074 0.2632 I 0.000042 U Silver 0.000014~u / / 0 4676 

0.4018 0.000014 u 0.091 0.854 
Zinc 11.8384/ / 16.91761 0.24081 , 0.000014 u 0.13721 

16.1084, 14.8624 12.51461 
/ 

/ 23.996 / 18.3876 18.28681 

dsy-tjl .xIs 
U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value; I - Interference; 

* - From dilution analysis; R - Rejected; NA - Not Analyzed 10 of 14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 
Sample Location 
Date Samoled 

DSY-JO-LOB / IDSY-40-DM 1 /DSY-40-IBM DSY-41-MM 1 DSY-41-PM IDSY-9~ 1 JPC-I-DM 
i (DSY-40 ( (DSY-40 i DSY-41 

IJPC-~-IBM 1 
DSY-39 DSY-41 JDSY-BT ! JPC-I !JPC-1 ( 

in/74/9si I 11121195~ I 1 l/2/95 1 o/20/95 I 10120/95 I 1 o/20/95 I 1 l/21/95 10/24/951 

I . 

I-Methvlohenanthrene 
1-t 

_.--- _ -.. -- 
1.2671U / 1.267111 I I 767111 I n c334F)rlfil.l I in 71171 

Benzo(g,h,i)perylene 
Biphenyl 
Chrvcene 

D,J” IL .I I .JJ”OJ L.‘)L,YYL, “.J”D)I ” 
765282 1.856428 3.1946321 0.868 U 

0.546 U 6.79917 6.580014 0.427448 J 0.420448 I J 0.546 U 4.474442 

0.2177 U 0.2177 U 0.2177 U 0.51989 0.21771U 0.2177 U 0.2177 U 

0.798 U 0.798 U 0.798 U 0.798 U 0.798 U 0.798 U 0.798 U I- , 

--“I----- 0.7364 U 3.186974 4.128558 I 4.394166 0.7364 U 1.95496 

Dibenz(a.h)anthracene 0.0686 u 0.0686lU 

j 

0.0686 u 0.0686 u 0.0686 u 0.0686 u 
0.0686,U 

I- Fluoranthene 
Fluorene 
High Molecular Weight PAHs 
Indeno( 1.2,3-cd)pyrene 
Low Molecular Weight PAHs 
Naphthaleoe 
Perylene 
Phenanthrene 

Pyrene 

-3 1.292704 /J 

---s% 
0.2159 

3.895444 12 
I 

Total Polycyclic Aromatic Hydrocarbons 

PC9 (ngh.0 
101 (2 2’3 5 5’) 

105 (2 3 3’4 4’) 

118(23’44’5) 
128 (2 2’3 3’4 4’\ .I 

138 (2 2’3 4 4’1 

153 (2 2’4 4’5 S) 

i70 (2 2’3 3’4 d 
1 

1 

1.044358/J 

1.4781761 
4.0612 -t 

5.23306 

1 .I65626 

3.98398 

98.6129212 ( 69.34884612 1 31.2212 1 59.9212 
I I / I I I I 

J 1.107652 J 0.77035 J 0.5726 U 1.51452 8.: 

3.382358 4.919726 1.154762 1.0269 3.909486 3: 

-6.033832 0.7782181 / 

1.621774 3.220644 0.612024 0.267694 1.204238 1.: 

7.5083961 I 13.74205 2.07984 3.022656 5.441604 6.! 

I I 
4.14611 I 

0.68817 

I I I I 
6.17751 / 

I I I I 
I.139881 I I.066521 I 3.2971 / 3.69054 

361304 

120096 
285088 

378972 5) 
8.442714 9.831612 19.085752 3.16407 4.618138 6.568212 9.! 

FS, 0.993076 0.75509 
8 (2 2’5) 

0.500836 1.568882 0.611436 0.837382 O.! 

0.455 u 0.390264 J 0.455 u 0.455 u 0.140854 J 1 .I94228 0.: 

180 (2 2’3 4 4’5 5’) 2.6295781 2.461326 2.730168 1.610998 2.691528 1.697ARfi I.! 

187 (2 2’3 4’5 5’6) 2.40086 3.006486 6.26339 1.049216 1.831074 2. - - - / 
95 (2 2’3 3’4 4’5 6) 0.357364 I t 0.350!41 ’ 0.39137’ 0.:52054’ 0.39788’ 0: 

06 (2 2’3 3’4 4’5 5’6) 1.00989 0.64582 0.490784 0.691936 0.615244 0.1 

09 (2 2’3 3’4 4’5 5’6 6’) 0.809424 I 0.981876 0.580524 0.267904 0.479864 0.: 

8 (2 4 4’) 5.711846) 0.516068 1.246868 0.743848 0.037156 J 0.1 

0.493472 J 

2.420362 
1 343-m 

s 
354448 11.240838 

553434 0.440468 

364532 J 0.15169iJ 

392634 1.77226 

2.705934 3.518074 

- 

dsy-ti-1 .xIs 
U or ND - Not detected; J - Quantitation approximate; 2 -Calculated Value; I - Interference; 

* - From dilution analysis; R - Rejected; NA - Not Analyzed 11 of 14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

XSY-40 
10/24/951 I 

/ /DSY-40 / /DSY-41 
11/21/951 I 

) IDSY-41 j ]DSY-t3~ / /JPC-I 
11/2/951 1 10/20/95! ! 10/20/95t 10/20/95~ 

1.869322 0.52353 J 0.70329 2.244284 1.423366 1.767962 
0.5397 u 1.545796 1.36171 0.600628 J 0.5397 u 0.5397 u 

0.384272 J I 0.329 U 0.329 u 0.382886 J 0.962346 
1439681 1 63.82208 17.559976 1 19.187938 36.014832 43.163722 39.529952 

Aluminum 0.007ju 185724 17.6218 14.1624 8.4014 0.8862 33.8268 47.3466 
Arsenic 2.61241 0.8344 0.7378 1.0444 0.3024 NA 0.6188 0.9478 

Cadmium 0.0421 0.0864 0.0882 0.126 0.1008 NA 0.0756 0.0826 
Chromium 0.22961 0.3794 0.3122 0.2464 0.2716 NA 0.4074 0.3416 
Copper 27.5646) 0.8848 0.9786 1.841 1.666 NA 1.0094 I.20681 
Iron 4.2406 34.3406 41.118 18.4114 15.2194 5.4166 12.6504 42.5558' 
Lead 0.0252 0.4158 0.3416 0.22512 0.000042 U NA 0.000042 U 0.4592 
Manganese 0.6356 1.6702 2.1532 1.911 I.79761 0.3248 1.3748 3.0632 
Mercury 0.057456 0.018018 0.023114 0.01673 0.020902 NA 0.018802 0.02387 
Nickel 0.2044 0.4802 O.O00042(U 0.000042 U 0.2632 NA 0.4312 0.000042 U 
Silver 0.1148 0.000014 u 0.000014ju 0.1764 0.000014 u NA 0.000014 u 0.000014 u 

Zinc 18.02221 16.3744 14.68461 9.205 11.7138 NA 14.9464 12.99621 

U or ND - Not detected;J - Quantitation approximate;Z - Calculated Value; I - interference; 
l -From dilution analysis; R-Rejected; NA - Not Analyzed 12of14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Sample Location 
Date Sampled 
Matrix 

Polyaromatic Hydrocarbons (PAH) (nglg) 
1,6.7-Trimethvlnaohthalene 

JPC-I-LOB JP C-I-MF 
JPC-1 JPC-1 

1215195 
Lobster Mummichog 

n w&7 I I n 

1 IJPC-l-MM 1 IJPC-I-PM I IT~.DM I 1 

I 

1 o/20/95 1 o/20/95 1 o/20/95 10/24/95 
Fish Hard Clam Hard Clam Deployed Mussel Control 

I . 
I-Methylnaphthalene 

I-Methylphenanthrene 2.6-Dimethylnaphthalene 

2-Methylnaphthalene 

Acenaphthene 
Acenaphthylene 

Anthracene 

/ IJPC-1 
- I... 

1 IJPC-1 I /T-n 
I 

.5257 U 0.5257 U 05257 II n C7E-T I I V”‘.“, ” 

0.7938 U i.7938 U 
I I- I “.“Lcl, ” 

0.7938111 1 r-l 793RllI I /I 
14.63812 1.267 U 4.140- ._.____. 

0.735 u 
I.L”, ” 

0.735 u 0.735 u 0.735 u 1.316 0.735 u U 
1.316 U 1.316 U 1.316 U 

0.371 u 
I 

0.371 u 0.371 u 0.371 u 0.4039 0.371 u 
u 0.4039 u 0.366632 J 0 474354 .I 

1.12 u 0.282352 J 0.848: 
Benzo(a)anthracene ~1 0.4704 I u / 
Benzo(a)pyrene 
Benzo(b,j.k)fluoranthene 
Benzo(e)pyrene 

Benzo(g.h.i)perylene 
Biphenyl 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 

Fluorene 

High Molecular Weight PAHs 
Indeno(l.2,3-cd)pyrene 
Low Molecular Weight PAHs 
Naphthalene 
Pervlene 

. . ..-./..&. 

3.015418 4.370212 1.867236 
17.78 Z 32.2 Z 14.26075 Z 

I 1 

841 1 II.20281 / 0.8603 1.30074 3.12998 
12 J 0.328762 J 0.300678 J 
2 1.05308 I n 6sn72 .I 

1602 1 0.268731J 1 
I I 

0.2103781J 1 I.9741681 

dsy-ti-I .xIs 
U or ND - Not detected; J - Ctuantitation approximate; Z-Calculated Value; l - Interference; 

* - From dilution analysis; R - Rejected; NA - Not Analyzed 
13 of 14 



ANALYTICAL RESULTS (WET WEIGHT BASIS) 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 
NEWPORT, RHODE ISLAND 

Sample Number 

Sample Location 
JPC-I-LOB /JPC-I-MF 1 JPC-l-MM I 

[JPC-1 

IT” CL’ 

JPC-1 j JPC-1 
I 1 

JPC-1 1 /T-n 
I 

12/5/95 I 1 n/7n/Ci!i / 4 nnnm* 4 nnnmc I 
_ 

I 

ILobster 
I I 

j jhnummichnn Fish 1 
‘“‘-“‘““I I I”IL”,Jd, 1 o/24/95 I 

j Hard CL... , 3, #aI” UI , ,'.I 
1 1 _..___YV 1 0.293021 0653538j 0.52619/ 1 I 

2PA4R71 I n7a77on 

n iaannnj 1 0.2 

--I / 
I.IIC, “” J 

0.963956 
/ 0.48.. 

J 6.0134341 n o7or;* I 4 9~~ 

0.329 u I I 27.800934 -b.3291” 1.77 xRar(P.71 / 
14.30884 18.6661861 I 

0.329ju 

RRl7GRR 
20.7541741 

7 17 11197117 I aI ,...^^.^I_ 
I --.------ 

1 55.60188212 1 
I 

266/Z / 2...w..w,, / \Ir..,.x.,,L,L , 
I / 

4~1.3”tmw,L 
I I / I 

ners x 2 

Monobutyltin 
- 
Tetrabutyltin 
Tributyltin 

I 

0.42/U 
I I 

0.42 U 0.42 U 
0.49ju 0.49 lJ 0.49 u 0.49ltJ I 
0.35/u 0 3Slll f-376 II 

‘Metals @g/g) 
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1. BACKGROUND AND OBJECTIVES 

The purpose of this document is to present a plan for the development of 
Preliminary Remediation Goals (PRGs) for the offshore area of the Derecktor Shipyard/ 
Coddington Cove Super-fund Site. The general framework for this activity was based 
upon the “Risk Assessment Guidance for Super-fund: Volume 1 - Human Health 
Evaluation manual (Part B, Development of Risk-based Preliminary Remediation Goals, 
USEPA, 1991 a). 

The Derecktor ShipyardICoddington Cove site is located at the Naval Education 
and Training Center (NETC), Newport, RI, located in the lower East Passage of 
Narragansett Bay. As a Department of Defense (DOD) facility, investigation and 
cleanup are conducted as part of the.Navy’s IR (Installation Restoration) Program, 
although requirements are also to be consistent with Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), pursuant to the Federal Facility 
Agreement (FFA) agreement of March 1992 between the Navy, USEPA and RIDEM. 

As part of the IR Program, numerous investigations have been conducted to 
determine the type and extent of constituents of concern (CoCs) in soil, groundwater, 
and offshore sediment and shellfish, including associated risks to the environment and 
human health. Results of these investigations revealed elevated ecological and human 
health risks for offshore (e.g. sediment and shellfish tissue) media. 

Based on the results of these investigations, the Navy will prepare a Feasibility 
Study (FS) for Derecktor Shipyard describing options for remedial actions. The remedy 
options will be evaluated with regard to effectiveness for meeting objectives for 
mitigation of existing and potential threats to public health and the environment. These 
Remedial Action Objectives (RAOs) are based on knowledge of the types of CoCs, the 
environmental media (e.g., soil, water, sediment) in which they are found or could be 
found in the future and the projected use of the site (Table 1). 

Although it is recognized that the remedy will provide a mechanism to meet the 
RAOs, the spatial extent of the remedy will have to be sufficient to ensure that residual 
CoCs do not remain at levels higher than Federal and State Applicable or Relevant and 
Appropriate Requirements (ARARs) or To-Be-Considered (TBC) standards. The 
applicable chemical-specific ARARs/TBCs are likely to be focused on sediment as the 
media of concern, 

Among the chemical-specific ARARs described in Table 2 are the Federal1 
ARARs/TBCs derived from promulgated USEPA Water Quality Criteria and proposed 
USEPA Sediment Quality Criteria, which are intended to be protective of 95% of all 
aquatic species. The threshold chemical concentrations that comply with the ARAR or 
TBC criteria are called the PRGs for the site. The CoCs and associated concentrations 
to be used as PRGs are supposed to be risk-based, i.e., reflective of the results of the 
risk assessment with respect to the selection of those CoCs that “limit” remediation 
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(USEPA, 1991 a). Here, “limiting” CoCs (L-CoCs) are those analytes that are 
responsible for much of the baseline risk (because of high concentrations and/or strong 
correlations with high toxicity), such that by cleaning up these CoCs to their PRG 
concentrations, other co-located CoCs will be cleaned up to levels much lower than 
their corresponding goals. 

In this report, PRGs are developed to permit remedial alternatives evaluation in 
accordance with the requirements of the National Contigency Plan (NCP) and CERCLA 
guidance. Two threshold criteria (overall protection of human health and the 
environment, and compliance with ARARs) and one of five “balancing” criteria 
(reduction of toxicity) that are used to evaluate the RAOs are directly applicable to PRG 
selection, The other balancing criteria (long-term effectiveness and permanence; 
reduction of toxicity, mobility, or volume through treatment; short-term effectiveness; 
implementability and cost) are evaluated in the FS that also directly affect the 
acceptability of various remedial alternatives. Hence, the PRGs developed in this report 
do not represent absolute levels which must be removed from the site, rather the 
application of the seven criteria with Trustee involvement will be necessary to select the 
Final Remediation Goals for the site. 

Based on this information, the objectives of this investigation are as follows: 

e Derive PRGs; 
8 Implement PRGs to determine potential spatial extent of remedial action; 
e Assess PRG-based results against human health/ecological risk findings 

and ARAR compliance. 

Derivation and implementation of PRGs are discussed in Sections 2.0 and 3.0, 
respectively. In Section 4.0, the effectiveness of selected PRGs are discussed relative 
to risk reduction achieved versus type and concentration of CoCs constituting the 
PRGs. 

2. PRG DERIVATION 

The objective of the overall PRG development process is to select the L-CoCs 
for the site and identify their respective concentrations that, when implemented as 
cleanup criteria, will focus remedial action in those areas where risk is higher than 
acceptable levels. Risk at the site is determined by aquatic, avian predator, and human 
health concerns, hence the derivation of PRGs to protect each of these principal 
exposure pathways is required. The general approach for PRG derivation is presented 
in Section 2.1; pathway-specific procedures and results are presented in Section 2.2, 
Section 2.3 and Section to 2.4 for aquatic, avian predator, and human health, 
respectively. 
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In the PRG development process, it is assumed that the final PRGs developed 
for various CoCs can be used as a basis for intercomparison of relative risks 
contributed by the CoCs, both within and between exposure pathways. Implementing 
aquatic PRGs for a few CoCs exhibiting the maximum observed exceedences of PRG 
concentrations would be assumed to be protective of all co-located CoCs contributing 
risk in the aquatic exposure pathway. The ability to draw such conclusions is critical to 
the derivation of “Limiting” PRGs as described throughout Section 2.0. 

As indicated earlier, a second critical assumption in PRG development involves 
the degree to which the remediation of the chemical causing the highest risk will lead to 
reduction of risks caused by other CoCs. For the Derecktor ShipyardKoddington Cove 
study area, all the various CoCs tend to be found in each environmental sample, such 
that it can be reasonably expected that a similar condition of co-located CoCs will exist 
for unsampled areas. In addition, any CoC found to be “limiting” at a given location and 
exposure pathway is included in the final list of CoCs selected for the pathway. Thus, 
when remedial technologies are applied, the implementation of the most conservative 
(i.e., limiting) PRG can be expected to lead to risk reduction for all CoCs at those 
locations. 

It is important to note that the limiting PRG approach will be effective only when 
various chemical contaminants and exposure pathways remain co-located at the 
sampling location. “Dis-location” of CoCs from one another might arise from appllication 
of treatment technologies that preferentially remove one CoC class over another. Dis- 
location of pathways may occur if different remedial solutions for a given location are 
selected (e.g.; monitoring to protect human health vs. capping to protect the marine 
ecosystem) to protect various classes of receptors (e.g., marine organisms, birds, 
humans). If either of these practices are instituted, then the available data must lbe re- 
evaluated for each CoC class and exposure pathway to ensure all receptors are 
adequately protected. 

2.1. PRG Development Approach 

It is the objective of PRG development to determine sediment-based 
concentrations which represent thresholds below which adverse effects on aquatic biota 
are not expected to be ecologically significant. Since sediments are the primary 
reservoir of shipyard-related chemical contamination, the primary exposure mechanism 
of concern to be addressed by PRGs are the CoC exposures which occur via sediment 
which may directly expose aquatic biota, or accumulate in tissues of prey organisms for 
terrestrial, avian, and human receptors. The exposure pathways being addressed by 
PRGs can vary greatly; in this document, the process is used to address bedded (i.e., 
in-place) and, resuspended sediment effects on aquatic biota, shellfish predation by 
avian predators and shellfish harvesting by subsistent fishermen in the Derecktor 
Shipyard Coddington Cove study area. 
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The PRG process has been designed to address and integrate these various 
exposure pathways using a consistent and systemic approach. For the present report, 
PRGs for the four distinct exposure pathways are evaluated using standardized 
procedures; development of risk-based PRGs involves refinement of the CoC list and 
calculation of protective concentrations (derivation), followed by an analysis of site- 
specificity and practicality for supporting risk reduction (implementation). The general 
procedures outlined below in 5 steps (l-5) and in Table 3 are discussed in detail iin later 
sections will be followed to derive candidate PRGs for the site. Steps 6 and 7 involve 
PRG implementation and assessment and are discussed in Section 3. 

1. 

2. 

ldenfify primary exposure pafhways and selecWderive benchmarks to express 
risks of CoC exposure to fargef receptors. For the aquatic exposure pathways 
identified in the Marine ERA, the media of concern for PRG derivation is the 
concentration of CoCs in the water of bedded and resuspended sediments, while 
prey tissue residues are the focus of avian exposures. The principal pathway of 
concern for human health exposure was determined in the HHRA to be shellfish 
ingestion by subsistence fishermen. For aquatic pathways Water Quality Criteria 
and/or water-based screening values derived from sediment benchmarks are 
used. For avian predators and human health, the exposure pathway of concern 
are CoCs contained in biota; tissue residue benchmarks are based on safe 
levels of shellfish ingestion and require consideration of site-specific factors 
discussed in Step 2, below. 

Calculafe sife-specific no effect fhreshold concenfrafions for each CoC-recepfor 
pair. For each CoC, site-specific factors may exist that modify the degree of 
chemical exposure/bioavailability to target receptors. For the aquatic pathway, 
site-specific factors include the bound form of the CoC in the environment (e.g., 
some CoCs present as paint chips, scrap metal, sand blast material, etc.) which 
could result in CoC bioavailability being less than predicted directly by bulk 
sediment concentrations. Here, aquatic toxicity tests are used to discern 
possible site-specific modification in CoC bioavailability. Similarly, avian and 
human receptors may have varying CoC exposure depending on the age and 
weight of receptors and factors related to their feeding/harvesting habits. 

Using the site-specific information discussed above, the second step in the PRG 
development process is to calculate no effect threshold concentrations (NOEC) 
for each CoC and exposure pathway. The NOEC represents the highest 
chemical concentration for which effects are unlikely to occur. For example, if 
an effect was observed at 2,3, and 4 ppm but not at 0.5 and 1 ppm, the 1 ppm 
concentration would be selected at the NOEC. Full details of the NOEC 
derivation are discussed on a pathway-specific basis in Section 2. 

3. Refain CoCs subsfanfially confribufing to risk. An objective of PRG derivation is 
to identify and retain CoCs for which PRG implementation will lead to effective 
risk reduction at the site while eliminating other CoCs that would not. For this 
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step, it was assumed that if a CoC was a substantial risk contributor, the highest 
concentration associated with toxic samples must be greater than the NOEC. All 
CoCs satisfying this requirement were retained for further consideration as 
PRGs. 

4. Evaluafe fhe feasibilify of fhe CoC and pafhway-specific NOEC as a long-ferm 
remediafion goal. Because of the general exchange of water and sediment in 
the region of the study area, it must be assumed that it would not technically 
feasible in the long term to remediate to CoC concentrations that are lower than 
those generally found in the region. For this step, regional CoC concentrations 
were summarized and the greater of the NOEC and reference-based 
concentration was determined. The resulting value was adopted as the 
Threshold Effects Value (TEV) for each exposure pathway. 

5. Assess CoC exceedences of TEVs fo identify “limifing, ” pafhway-specific CoCs 
for PRG selection. The CoCs and associated concentrations to be used as 
PRGs are supposed to be risk-based, i.e., reflective of the results of the risk 
assessment with respect to the selection of those CoCs that “limit” remediation 
(USEPA, 1991 a). Here, L-CoCs are those analytes that are responsible for 
much of the baseline risk (because of high concentrations and/or strong 
correlations with high toxicity) such that by cleaning up these CoCs to their PRG 
concentrations other co-located CoCs will be reduced to levels much lower than 
their corresponding effects-based concentrations. 

The approach for selection of L-CoCs for aquatic, avian and human health 
exposure pathways involved the straightforward application of pathway-specific 
TEV values to derive Hazard Quotients (HQs). These HQ values were inter- 
compared for each station and CoC to identify the L-CoC, e.g., that CoC- 
exposure pathway pair that represents the maximum TEV-HQ observed for the 
station. This procedure greatly reduces the reliance on assumption of CoC co- 
‘location across the site because the broad spatial distribution of sampling 
locations minimizes the potential that a novel CoC (unique in distribution, 
concentration or speciation) would be missed and thus fail to be included as a L- 
cot. 

6. Calculate PRGs from TEVs. Based on the selection of L-CoC and the media- 
specific concentrations that will achieve optimal risk reduction (TEVs), the TEV 
values are recalculated as necessary into appropriate (sediment-based) 
concentration (PRG) units to be implemented during site remediation. The 
calculated values are also discussed relative to traditional benchmarks so as to 
compare the relative degree of protection afforded to exposure pathways by site- 
specific and generic approaches. 

7. Evaluate the pracficalify of the PRGs for efecfive risk reduction. In this spatial 
analysis, a candidate PRG that, upon implementation as part of a remedial 
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action, would result in risk reduction in the most affected areas should be 
favored over other candidate PRGs that do not. Note that this step, unlike the 
previous steps, is a qualitative, risk-based interpretation based on best 
professional judgment. In this analysis, the location of PRG exceedences 
(e.g., PRG-HQ > 1) for each of the L-CoCs is reviewed with respect to the spatial 
distribution and likelihood of observed risks at the site as concluded from the 
results of the ecological risk assessment (ERA) or human health risk assessment 
(HHRA). The extent of concurrence between the degree of apparent risk 
reduction and remediated area is discussed and presented as Recommended 
PRGs (RPRGs) so as to provide input into risk management decisions regarding 
the setting of Final Remediation Goals (established as part of the final Record 
of Decision for the site). As such, this focused discussion is intended to be 
primarily supportive of the FS analysis of the five balancing criteria (see 
Section 1) in which extent of risk reduction is assessed against monetary and 
engineering implications of remedial alternatives. 

In summary, steps l-5 above involve the identification of L-CoCs and matrix- 
specific (water, sediment, shellfish tissue) concentrations below which no adverse 
effects are expected. These steps are discussed in detail for aquatic, avian, and 
human health exposure pathways in Section 2.2 to Section 2.4, respectively; a 
summary of L-CoC selections is provided in Section 2.5. Separate from the above, 
steps 6-7 involve PRG implementation and assessment on a pathway-specific basis 
and are discussed in detail in Section 3. 

2.2. Aquatic PRG Derivation 

As identified in Section 1, five steps are required for aquatic PRG derivation 
Each of these steps is fully addressed in the following sections. 

1. Pafhway /denfificafion/Benchmark selecfion. The Marine ERA identified 
sediments as the principal exposure pathway of concern for aquatic receptors. 
Sediment Quality Criteria (SQC) for sediments and Water Quality Criteria (WQC) for 
surface waters are logical choices as ARARs for the Derecktor Shipyard/Coddington 
Cove study area. Although the direct applicability of SQC has been limited by the 
number of available criteria to date (presently five non-ionic organic compounds 
including three PAHs (acenaphthene (USEPA, 1993a), fluoranthene (USEPA, 1993b), 
phenanthrene (USEPA, 1993c) included as CoCs in the Marine ERA), the SQC 
derivation process has demonstrated the applicability of WQC to porewater 
concentrations for prediction of sediment toxicity when partitioning characteristics of the 
CoC between water and the organic carbon fraction of the sediment (K,,) is taken into 
account using the equilibrium partitioning (EqP) model of Di Toro et al. (1991) as 
follows: 

1) c,= * 
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In the above equation, organic chemical porewater concentrations (C,, ug/L) are 
calculated from the corresponding sediment concentration (C,; US/kg), based on the 
fraction of organic carbon (Foe) in the site sediment; [foe = %TOC/lOO (Total Organic 
Carbon)] and the organic carbon/water partitioning coefficient (Koc) for the CoC. 
Values for K,, (Table 5) were determined from the relationship developed by the EPA 
(Karickhoff, 1989): 

2) bhJKJc = 0.00028 + 0.983*log,,K,,; 

where K& = the octanol/water partition coefficient. 

By adopting the EqP approach for the development of aquatic PRGs for thle 
present investigation, the chemical concentration in porewater in relation to WQC is 
used as the primary measure of potential adverse effects (i.e., risk) to aquatic biota. 
The EqP model also allows incorporation of station-specific conditions (principally TOC 
content of sediment measured at the location) that control sediment-porewater 
partitioning and hence chemical bioavailability in bedded sediments. In contrast to the 
bedded sediment exposure pathway, direct measurements of CoCs in elutriates ffor the 
resuspended pathway obviates the need for partitioning calculations for this medium. 

As discussed in Section 1, determination of organic and metal CoCs responsible 
for the majority of the risk is assessed through normalizing concentrations to 
benchmarks so as to adjust for differences in the inherent toxicity of the chemical. For 
this investigation, Water Quality Screening Values (WQSV) adopted primarily frolm EPA 
Water Quality Criteria - Saltwater Chronic (WQC-SC) values (or estimated equivalents, 
discussed below) were used as the benchmarks. 

Water-based CoC criteria are proposed for calculation following the decision tree 
presented in Figure 2.2-l. This approach allows for calculation of “WQC-SC 
equivalent” benchmarks, and assigns a data qualifier (DQ) to identify the benchmark 
source for derivation of the HQ. In Table 4, the DQ “A” is applied to benchmarks 
derived directly from existing WQC-SC values. For CoCs possessing WQC-saltwater 
acute values (WQC-SA), an 8:l acute:chronic ratio is applied to derive the equivalent 
WQC-SC value (DQ = “B”). The conversion factor was derived from the mean overall 
acute:chronic ratio for paired chemical data contained in the EPA AQUIRE database 
(Shepard, 1998). Freshwater chronic data (WQC-FC) are used directly as screening 
values, with assigned data qualifier “C”. As with WQC-SA values, freshwater aclute 
(FA) values were converted to chronic values using an 8:l acute:chronic ratio, and 
assigned DQ = “D”. P 

Some sediment-based correlative benchmarks are required to complete the 
assessment of site-related CoCs where water quality benchmarks are lacking (Table 4). 
In these cases, NOAA Effects Range-Low (ER-L) (Long et al., 1995) concentrations 
were selected and translated into porewater equivalent concentrations using the EqP 
model. In this process, it is assumed that the resultant value provides a level of 
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protection equivalent to other water quality based benchmarks. This assumption is not 
unreasonable given that the WQC values are designed to be protective of 95% of all 
species, while NOAA ER-L values represent concentrations below which 90% of all 
sediment samples had no measurable adverse effect. Hence, sediment benchmark 
values (NOAA ER-L) were transformed into water-equivalent benchmarks using the 
EqP model by assuming 1% sediment TOC concentration (DQ = E). Finally, 
compounds for which no benchmark screening values were available are designated 
“NA” in Table 4. 

Research by the USEPA into the development of SQC for divalent metals 
(Cu, Cd, Pb, Ni, and Zn) in sediment has shown that sediment toxicity can be predicted 
when the quantity of Simultaneously Extractable Metal (SEM) present in excess of the 
Acid Volatile Sulfide (AVS) concentration in sediment is measured (Berry ef al., 1996). 
The expression of SEM relative to AVS has been historically expressed as the 
SEM/AVS ratio, although the difference of SEM and AVS (SEM-AVS) is now preferred, 
as the metric is less sensitive to conditions where AVS is near detection limits 
(e.g., resulting in very high SEM/AVS ratios). The use of SEM-AVS is based on the fact 
that AVS will bind divalent metals in direct proportion to their respective molar 
concentrations (Hansen ef al., 1996). In the EPA National Sediment Quality Inventory 
(USEPA, 1996a) the SEM-AVS value of 5 pmol/g dry wt is recommended as a 
screening value for identification of bedded sediments of concern with regard to 
potential divalent metal effects on aquatic biota in bedded sediments. 

The above application of SEM:AVS data to bedded sediments can be modified 
to be relevant to sediments recently deposited as a result of resuspension. By 
assuming that all AVS is oxidized during resuspension (AVS = 0) and that the SEM 
concentration of settled particulates is the same as that of bedded sediment 
(conservatively assuming no losses in the water column), the potential effect of metals 
in sediments subject to resuspension can be assessed by direct comparison of SEM 
metal concentration against the SEM benchmark (5 uMol/g). It is noted that this 
evaluation was also performed in the ERA (Table 6.1-1). The SEM-AVS method is not 
directly amenable to PRG development since it does not directly identify CoC-specific 
PRGs. However, the data are useful for evaluation of the overall need for metals-based 
site-specific PRGs. 

The WQSV presented in Table 4 represent thresholds for adverse effects to 
aquatic biota as derived from available water quality criteria and modified sediment 
benchmarks. Porewater and elutriate concentrations (reported in Tables A-3.1 and 
A-4.1, respectively) are divided by the WQSV to obtain Porewater Hazard Quotients 
(PW-HQs; Table A-3.2) and Elutriate Hazard Quotients (ELU-HQs; Table A-4.2). 
These quotients are used to determine no effect concentrations as discussed in the 
following section. 

2. Calculate sife-specific no effecf fhreshold concenfrafions for each CoC- 
receptor pair. A common element of correlative benchmark development is the process 
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of establishing statistical confidence limits for sediment concentrations with varying 
likelihood of biological effects. For example, the NOAA ER-L benchmark (Long and 
Morgan, 1990; Long ef al., 1995) was developed by matching of chemical 
concentrations with incidence of benthic effects (e.g., toxicity, reduced benthic 
composition, biomarker response) measured in field samples, and statically estimating 
the sediment concentration below which no adverse effect was observed 90% of the 
time. 

As introduced in Section 1, it is expected that site-specific factors exist which 
control the bioavailability of CoCs in the marine sediments of the shipyard/cove study 
area and thus modify the degree of chemical impacts on target receptors. For the 
present investigation, the primary indicator of site-specific CoC bioavailability in bedded 
sediment are toxicity results from the amphipod (Ampelisca abdifa) IO-day bulk 
sediment test, while for resuspended sediments, results of the sea urchin (Arbacia 
puncfulafa) fertilization and larval development elutriate tests are used. An amphiipod 
and sea urchin biotoxicity test was conducted at each location where a bulk sedirnent or 
elutriate chemistry sample was collected, respectively. 

Adapting the general approach presented for ER-L derivation (discussed above), 
PW-HQ data were paired with co-located amphipod toxicity results, while elutriate 
hazard quotient (ELU-HQ) data were paired with co-located sea urchin toxicity results. 
The paired data sets were subsequently segregated in non-toxic and toxic sampl’es 
defined for each as follows: amphipod survival 2 80% = non-toxic; sea urchin 
successful fertilization I. 70% = non-toxic, and sea urchin larval development 
IC,, 2 50% = non toxic. The PW-HQ or ELU-HQ database test endpoint are reported in 
(Tables A-3.3A, A-3.3B, A-4.3, and A-4.4). 

The HQ databases include statistical summaries of the mean, maximum, and 
upper 95% of CoC-specific HQs. The non-toxic data sets available for derivation of no 
effect thresholds include 15 co-located stations for the bedded sediment pathway and 
9-l 1 stations for the resuspended sediment pathway. 

For each CoC, the highest concentration for which adverse effects are unlikely, 
called the No Observable Effect Quotient (NOEQ), was estimated as the upper 95% 
confidence limit (UCL) of the non-toxic PW-HQ or ELU-HQ data set (e.g., expected risk 
threshold at maximum CoC bioavailability). The 95% UCL approached was adopted as 
a method comparable to the USEPA WQC level of protection for chronic effects as 
calculated from single species/single toxicant bioassay results. For NOEQ values < 1, 
an NOEQ = 1 was adopted for the CoC assuming that it is unlikely that site specific 
factors could increase CoC bioavailability to levels above that occurring in water-only 
tests. 

NOEQ results for the bedded and resuspended sediment exposure pathways are 
provided in Tables 5A and 5B, respectively. The listed CoCs include metals, PAHs, 
Total PCBs, and pesticides as well as aggregate values for Low Molecular Weight 
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(LMW) PAHs, High Molecular Weight (HMW) PAHs and Total PAHs, and a sediment- 
based measure of divalent metal bioavailability (SEM-AVS). The aggregate CoC 
classes were included to address the potential additive effects of PAH and metal 
mixtures. 

For most CoCs, the NOEQ was less than 1, indicating good agreement be,tween 
measured toxicity and the literature-based WQC data; indicating that toxicity was not 
observed where criteria values predict that toxicity should not occur. In such cases 
where the CoC-specific NOEQ was less than 1, a NOEQ value of 1 was retained. For 
some CoCs, the NOEQ did exceed unity somewhat; this is attributed to the fact site- 
specific conditions have slightly reduced CoC bioavailability relative to conditions under 
which the WQC are derived (i.e., single-species, water-only laboratory bioassays). 
Here, the NOEQ was selected as the greater of the upper 95% HQ and the default HQ 
(e.g., HQ=l). 

3. Retain CoCs subsfanfially confribufing fo risk. Also listed in Table 5 are the 
maximum PW-HQ values for sediment samples found to be toxic to amphipods and 
maximum ELU-HQ values for elutriate samples found to be toxic to sea urchin larval 
development. No toxicity to sea urchin fertilization exposed to elutriates was observed 
in the ERA investigation. Those CoCs which were found to exceed the NOEQ 
benchmark (Max. HQ > NOEQ) for a given test endpoint were retained for further PRG 
derivation. For bedded sediment, the CoCs included HMW PAHs and Total PCBs. For 
resuspended sediments, CoCs included arsenic, copper, lead, HMW PAHs, Total 
PAHs, Total PCBs, and the pesticide o,p’;DDE. In assessing the potential for metals 
effects in resuspended sediment only four stations (DSY-27, 28, 29, 30) marginallly 
exceeded the benchmark (e.g. SEM concentration >5 pmolelg), and only one station by 
more than a factor of two (DSY-27 12.1 pmolelg). Given that the SEM value the sum of 
five metals (Cu, Cd, Pb, Ni, Zn), and that AVS was extremely high in this sediment 
(176 pmolelg) it is unlikely that the combined effect of metals (let alone individual 
metals) are responsible for adverse effects at this or any other sample location. 

The Aquatic NOEQ value used for further PRG development was taken as the 
minimum of the test-specific endpoints. Given the comparability of the NOEQ data 
among test endpoints and the observation that the calculated NOEQs are generally less 
than three (LMW and Total PAH for resuspended sediment was ~7.3)~ it is apparent 
that the site-specific CoC bioavailability is similar to that found for laboratory bioassay 
experiments. This good agreement is attributed to the fact that the test species 
employed in the Marine ERA are sensitive to site CoCs and serve as adequate 
surrogates for the most sensitive species in the shipyard/cove study area. 

4. Evaluafe fhe feasibility of the CoC and pafhway-specific NOEC as a long-ferm 
remediafion goal. Table 6 presents a summary of aquatic Reference Screening Values 
(RSVs) for the candidate CoCs identified in Steps l-3, above. The database was 
assembled from measured or predicted porewater and elutriate concentrations at 
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reference locations used for the Allen Harbor (SAIC, 1996), McAllister Point (SAI’C and 
URI, 1997a), and Derecktor Shipyard (SAlC and URl, 199713) Marine ERAS (Table 6). 

Prior to the use of these data, a limited assessment of these reference locations 
in lower Narragansett Bay to reference stations selected for the Derecktor 
ShipyardKoddington Cove study area was conducted to demonstrate comparabiility of 
habitat and hence suitability as sites for background data. Data presented in 
Table A-2.2 show that the sand (66-88%), silt (12-33%) and TOC (l.l-1.7%) content 
for Derecktor ShipyardICoddington Cove reference locations were within the range 
observed for Narragansett Bay stations as a whole; these similar geotechnical 
characteristics imply comparability of habitats. Hence it was assumed that the 
reference database can serve as suitable indicator of background CoC concentrations 
for derivation of’aquatic PRGs. 

In the development of the reference databases for the aquatic exposure 
pathways, the porewater reference data were screened for statistical outliers (defined 
as values greater than + 2 S.D. of the mean) to ensure that the RSV was not 
inappropriately elevated by atypical CoC distribution. The mean and 95% UCL of 
porewater concentrations after outlier removal were recalculated to obtain the RSV for 
the bedded sediment exposure pathway. In the case of the resuspended sediment 
scenario, only a single reference location (JPC-1) was measured for elutriate 
concentrations, hence the value obtained were used without modification. 

Data for determination of aquatic TEVs are presented in Table 7. The Aquatic 
NOEQ values (from Step 3) were converted into the NOEC (e.g., water concentration 
units) to permit comparison against porewater and elutriate RSVs derived as described 
in Step 4. Subsequently the Aquatic TEV (AQ-TEV) was taken as the greater of the 
Aquatic NOEC and Aquatic RSV concentrations. The comparison of the two values 
show that the NOEC concentration exceeds the background concentration in most 
cases, suggesting that it would be feasible to remediate to the TEV concentrations, as 
background concentrations (represented as the aquatic RSV) would not be expected 
contribute to recontamination of the site. For lead and o,p’-DDE, however, the RSV 
exceeds the TEV, and thus the RSV is selected as the TEV for these CoCs. 

5. Assess CoC exceedences of TEVs fo identify ‘limiting, n pafhway-specific 
CoCs for PRG selecfion. As discussed in Section 2.1 (step 5), the list of CoCs to be 
retained as candidate PRGs are supposed to be “limiting”, such that by cleaning up 
these CoCs to their PRG concentrations, other co-located CoCs will be reduced t:o 
levels much lower than their corresponding effects thresholds. In this step, the L-CoCs 
are derived by intercomparing TEV-HQs (in turn, derived from normalization of CoC 
concentrations in site to respective TEVs) and selecting the CoC with the maximum risk 
within and among pathways on a station-by-station basis. 

To further ensure that all important L-CoCs be retained for the aquatic exposure 
pathway, the CoC with the maximum TEV-HQ for the station-pathway was selected 
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whenever the station-pathway sum TEV-HQ > 1. This step was taken to further 
address the uncertainty in the co-location assumption by identifying any CoC which 
might substantially contribute to risk at the site. The process was repeated for all 
sampled locations to identify the collection of all possible L-CoCs. Because of the large 
number of stations used in this analysis (19) and the broad spatial distribution of 
sampling locations, the potential that a novel CoC (unique in distribution, concentration 
or speciation) would be missed and hence fail to be included as a L-CoC was greatly 
reduced. 

Table A-5 presents the maximum observed TEV-HQs by exposure pathway and 
station. Results show that among all the possible CoC candidates for both exposure 
pathways, only a small number of CoCs had TEV-HQs > 1. For the bedded sediment 
exposure pathway, the two L-CoCs were HMW PAHs and Total PCBs. Arsenic, 
copper, lead, Total PCBs, and o,p’-DDE were identified as L-CoCs for the resuspended 
sediment exposure pathway. These CoCs are identified as Limiting CoCs in Table 7 
which will be brought forward to Section 3.1 (Aquatic PRG implementation) for further 
development as PRGs. 

It is noted that the application of a toxicity screen for the identification of LCoCs 
did not appear to have greatly affected those CoCs which would have been selected 
based on direct WQSV comparisons alone. For porewater, SEM-AVS values suggest 
that divalent metals are not biologically available (SEM-AVS < 0, Table A-3.3A), hence 
analyte-specific porewater concentrations, although not measured, would be expected 
to be less than ambient water quality criteria. Some high molecular weight PAHs were 
predicted to exceed WQSVs (e.g., anthracene, benzo(a)anthracene, flourene, 
chrysene), but were not identified by the toxicity evaluation. In this case, however, 
these PAHs were addressed by adopting a HMW PAH aggregate PRG. Thus, while not 
specifically selecting these CoCs, the potential cumulative risks responsible from these 
PAHs were accounted for. Finally, pesticides were not identified in the toxicity screen, 
nor were any of these CoCs above WQSV values. Hence, it can be concluded thlat the 
toxicity screen did not exclude any key CoCs which might have been selected by the 
application of WQSV alone. 

2.3. Avian Predator PRG Derivation 

I. Pathway IdenfificafionBenchmark derivation. Findings of the Marine E:RA 
indicate that avian aquatic predators are at potential risk because of CoCs contained in 
the tissue of prey that they consume. Initial selection of CoCs and benchmarks for 
avian predator PRG derivation were based on the Derecktor Shipyard Marine ER,A 
results comparing prey species tissue residue concentrations to Toxicity Reference 
Value (TRV) benchmarks for any CoC and predator-prey combination in the 
shipyard/cove study area (ERA Table 6.3-2). These TRVs already incorporate site- 
specific factors as described in Step 2, below. The resulting HQ values (TRV-HQs), 
derived as the prey species concentration (mg/kg dry weight) divided by the TRV 
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(mglkg dry weight), are reported in Appendix A-2-4 of the Final Marine ERA (SAlC and 
URI, 1997b). 

2. Calculafe sife-specific no effecf fhreshold concentrations for each CoC- 
recepfor pair. Site-specific factors controlling CoC bioavailability to local birds selected 
for the ERA (great blue heron and herring gull) include the species, age and weight, 
and factors related to their feeding habits and migratory range in the New England 
region. The following description of methods and results for deriving TRVs for great 
blue heron follows is the same as used in the Marine ERA (Section 6.3). 

A literature survey was conducted to identify studies where No Observed 
Adverse Effect Levels (NOAELs) and/or Lowest Observed Adverse Effect Levels 
(LOAELs) were determined for avian test species. The resulting data set includeld 
NOAEULOAELs for both domestic and wild birds; where possible, aquatic bird test data 
was selected in preference over data for other bird species. Subsequently, the 
equivalent NOAEL for the receptor of concern (wildlife NOAEL) was obtained by scaling 
the laboratory data (test NOAEL) on the basis of differences in body size according to 
the following equation: 

NOAEL-wildlife = test NOAEL x [test bwlwildlife bw]1’3 (Opresko ef al., 1994) 

where: wildlife bw = body weight of wildlife species in kg 
test bw = body weight of laboratory species in kg 
test NOAEL = experimental dose in mg CoClkg RoClday 

The TRV is defined as the concentration in food (in mg CoClkg dry weight of 
food) which would result in a dose equivalent to the NOAEL (assuming no exposure 
through other environmental media), after Opresko ef al., 1996. The TRV was 
calculated from the food factor f, which is the amount of food consumed per unit body 
weight per day: 

TRV = wildlife NOAEL/f (Opresko et al., 1994) 

Food factors for aquatic predators were derived from the Food Consumption Rate 
(FCR, in kg prey dry weight/day) and the receptor body weight (bw in kg): 

f = FCR/bw (Opresko et a/., 1994). 

For the Derecktor Shipyard ERA, the FCR for great blue heron were estimated from the 
allometric regression model of Kushlan (1978, as cited in USEPA, 1993). 

3. Refain CoCs substantially confribufing fo risk. Using the above model and 
results for great blue heron, all CoCs with TRV-HQs > 1 were retained for further I’RG 
derivation (ERA Table A-2-4.6). CoCs meeting the TRV-HQ >I criteria include eight 
metals (arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc) as well as 
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Total PCBs. Note that in the ERA, maximum TRV-HQs for the PAHs and pesticides 
were found to be uniformly less than unity and thus were eliminated from further 
development as PRGs for the avian exposure pathway. 

4. Evaluafe the feasibilify of fhe CoC and pathway-specific no effect fhreshold 
concenfrafion as a long-term remediafion goal. As done for the aquatic RSV 
derivation, a reference database consisting of prey species tissue concentrations was 
developed for CoCs identified in Step 3, above, to derive Avian Reference Screening 
Values (AV-RSVs), being the mean + upper 95% confidence band statistics of 
reference tissue data after outlier removals. These results are reported in Table 6. 

The resulting avian predator RSVs are compared against TRVs in Table 9 to 
evaluate the feasibility of implementation. The TRV values for cadmium, copper, lead, 
and mercury were higher than avian predator RSV concentrations, while the reverse 
was true for arsenic, chromium, silver, zinc, and Total PCBs. The avian TEV was taken 
as the greater of the TRV and avian RSV concentration to ensure that PRGs are not set 
to concentrations below regional background values. 

5. Assess CoC exceedences of TEVs to identify “limifing,” pafhway-specif;ic 
CoCs for PRG selecfion. Following the aquatic pathway procedure, the list of L-CoCs 
to be retained as candidate PRGs was derived by intercomparing avian TEV-HQs and 
selecting the CoC with the maximum risk for each station. 

Results of this comparison are presented in Table A-6. Analytes identified as L- 
CoCs include copper, lead, silver, zinc and Total PCBs. These CoCs are identified in 
Table 9 and will be brought forward to Section 3.2 (Avian Predator PRG 
implementation) where a spatial implementation analysis will be used to determine the 
L-CoCs needed for protection of the avian predator exposure pathway. 

2.4. Human Health PRG Derivation 

Chemical-specific PRGs are concentration goals for individual CoCs for specific 
medium and land use combinations at CERCLA sites. Two general sources of 
chemical-specific PRGs for human health are concentrations based on ARARs and 
concentrations based on risk assessment. ARARs include concentration limits set by 
other environmental regulations (e.g., non-zero maximum contaminant level goals 
(MCLGs) set under the Safe Drinking Water Act (SDWA)). The second source for 
PRGs, and the focus of this section, is risk assessment or risk-based calculations that 
set concentration limits using carcinogenic and/or noncarcinogenic toxicity values under 
site-specific exposure conditions. 

I. Pathway /denfificafion/Benchmark selection. Findings of the HHRA indicate 
that consumption of shellfish containing elevated CoCs by subsistence fishermen is the 
primary pathway of concern for the Derecktor ShipyardlCoddington Cove study area. 
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Hence, the list of benchmarks for human health PRG development focus only on CoCs 
in shellfish tissue caught in the vicinity of Derecktor ShipyardlCoddington Cove. Four 
indigenous species were used in the Derecktor Shipyard HHRA (BRE, 1998) to 
characterize edible shellfish. This included hard shell clams (Mercenaria mercenaria 
and fifar morrhuana), blue mussels (Myfilus edulis), and lobster (Homarus 
americanus). The CoCs determined to exceed the carcinogenic effects threshold 
representing a 1 x 10m6 probability of risk included arsenic, benzo(a)anthracene, 
benzo(a)pyrene, dibenz(a,h)anthracene, indeno(l.2.3-cd)pyrene, and Total PCBs. The 
HHRA also found arsenic concentrations in shellfish to exceed the non-carcinogenic 
effects threshold (e.g., HQrl). Based on these findings, this exposure pathway was 
evaluated for PRG development. The site-specific benchmarks for shellfish tissue 
residues, called Risk Based Values (RBVs), are derived as described in Step 2, below. 

2. Calculate site-specific no effect threshold concenfrafions for each CoC- 
recepforpair. Threshold chemical intake rates assumed to be protective of potential 
adverse effects from carcinogenic and non-carcinogenic CoCs were used to determine 
no effect threshold concentrations in shellfish tissue, or RBC. The majority of exposure 
parameters needed for RBC derivation were obtained from USEPA Standard Default 
Exposure Factors (USEPA, 1993e), reported in Table 10. These same exposure 
parameters and values were used in the HHRA. The main site-specific parameter was 
the annual shellfish consumption rate for New Englanders published by Rupp et al. 
(1980). The survey showed the 95th percentile of total shellfish consumption for adults 
in the range of 18 to 65 years of age was 15.6 g/day (Rupp et a/., 1980). As had been 
done in the HHRA, it was conservatively assumed that all shellfish consumption by 
subsistence fishermen will occur in Derecktor ShipyardKoddington Cove. 

The CoC-specific RBC is typically taken as the concentration in shellfish which is 
unlikely to cause adverse health effects, even in sensitive populations (USEPA, 1!991a). 
For non-carcinogenic CoCs, the RBC representing a baseline (HQ=l) hazard to 
humans from ingestion of CoCs is following USEPA guidance (USEPA, 1989a) as 
follows: 

C, non-carcinogen (mglkg wet tissue) = HI x RfD x BW x AT 
IF x CF x FI x EF x ED x RAF 

Where: 
HI = Total Hazard Index; ratio of average daily intake level to acceptable daily intake 

level (unitless) 
ADI = Average Daily Intake (mg/kg-day) 
RfD = Reference dose (acceptable daily intake level; mg CoC/kg-day; see Table 11) 
c = Concentration in shellfish tissue (mg/kg) 
CF = Conversion factor (1 kg/l O3 g) 
IF = Intake factor’ (i.e., shellfish consumption rate, g/day) 
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FI = Fraction ingested (i.e., fraction of shellfish ingested) 
EF = Exposure frequency (days/year) 
ED = Exposure duration (years) 
RAF = Relative absorption factor (unitless; analyte-specific; see Table IO) 
BW = Body weight (kg) 
AT = Averaging time (days) 

Assuming the reasonable maximum exposure scenario is the reduced form of the 
equation using the site-specific exposure parameters from Table 10 is as follows: 

C, non-carcinogen (mgtkg wet tissue) = 
““‘“Rh; RfD (,> 

For carcinogenic effects, a concentration range (i.e., the preliminary shellfish 
remediation goal range) is calculated which corresponds to a range between 10m4 and 
lOa incremental risk of an individual developing cancer over a lifetime as a result of 
exposure to the potential carcinogen from all significant exposure pathways for a given 
medium (USEPA, 1991a). This is based on USEPA’s interpretation of the signific,ance 
of the cancer risk estimate as stated in the National Oil and Hazardous Substances 
Pollution Contingency Plan (40 CFR Part 300). 

By setting the total risk for carcinogenic effects at a target risk level of IO-” (the 
NCP’s point of departure for determination of PRGs), the risk-based shellfish 
concentration (C) is calculated as follows: 

C, carcinogen (mglkg wet tissue) = 
Risk x BW x AT 

SF x I/= x Cf x I=/ x Ef x ED x RAF 

Where: 

Risk = 
LAD/ = 
SF = 

The unitless probability of an exposed individual developing cancer 
Lifetime average daily intake (mg/kg-day) 
Cancer slope factor (mg/kg-day)-’ 

and remaining exposure parameters are as defined above. The equation shown below 
reflects the use of Reasonable Maximum Exposure (RME) parameters identified in 
Table 10. 

C, carcinogen (mglkg wet tissue) = s;f’aAf (2) 

The above equation is used to calculate CoC-specific threshold tissue residue 
concentrations below which adverse effects on subsistent shellfish consumers are not 
expected to occur. The CoC-specific parameters include RAF and SF values identified 
in Table 10 and Table 11, respectively. 
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Table 12 presents the calculated CoC-specific non-carcinogenic (Equation 1) 
and carcinogenic (Equation 2) RBC values assuming the RME exposure scenari!o. The 
overall Risk Based Values (RBVs) were taken as the minimum of RBC concentrations 
for each analyte. For comparison, the RBC concentration at 1 x 10e4 is also pres(ented. 
As the RBV values will be compared against dry weight-based reference shellfish 
concentrations for the study area (Table A-2.4) and RBCs are calculated as wet (e.g. 
live) weight concentrations, % solids content (g dry/g live wt) statistics were developed 
for tissue samples to permit conversion of the RBV data to dry weight units. Data 
reported in Table A-2.3 indicates good agreement in solids content for various species 
allowing use of the average of 14% solids content (i.e., 86% water content) for 
conversion of wet weight values into dry weight concentrations. Thus, the RBVs for 
CoCs represent the dry weight shellfish tissue concentrations that are protective Iof 
subsistent fishermen consuming locally caught shellfish. 

3. Retain CoCs substantially contributing to risk. All CoCs found in 
environmental samples above the RBV (as calculated in Step 2) are retained for lfurther 
PRG derivation. In effect, the HHRA has already performed this calculation and 
identified these CoCs as presenting possible cancer and non-cancer risks although 
here threshold effect concentrations are also presented. A more detailed evaluation of 
the exposure assumptions (e.g., 10m6 vs. 10v5 cancer risk assumption) and exposure 
parameters will be performed to assess reasonableness during PRG implementation 
(Section 3.3). This will afford the opportunity to correct for overly conservative 
assumptions in the risk assessment and incorporate the most recent literature values 
published since the HHRA was completed. 

4. Evaluate the feasibility of the CoC and pathway-specific no effect threshold 
concentration as a long-term remediation goal. The efficacy of these human health 
RBVs are further evaluated by comparison against human health RSVs derived from 
measured CoC concentrations in mussels and clams collected from reference locations 
(Table 13). These values are carried forward to Table 14, where Human Health TEVs 
(HH-TEVs) are obtained by selecting the greater of the RBV data and the RSV data. 
With the exception of arsenic, the RBV was higher than the reference (RSV) 
concentration. Elevated arsenic concentrations in shellfish tissues was addressed in 
the ERA and attributed to high arsenic in crustal materials typical of the Rhode Island 
formation (see text in ERA Section 4.3.1 .I). 

5. Assess CoC exceedences of TEVs to identify “limiting,” pathway-specific 
CoCs for PRG selection. Following the same procedures as employed for the aquatic 
and avian predator exposure pathways, the list of CoCs retained as candidate PRGs for 
Human Health were derived by intercomparing TEV-HQs and selecting the CoC with 
the maximum risk within and among pathways on a station-by-station basis (Table A-7). 
The results indicate that arsenic, benzo(a)pyrene and dibenz(a,h)anthracene are L- 
CoCs for the human health pathway (Table 14). A single occurrence of TEV 
exceedence by dibenz(a,h)anthracene was noted for deployed mussels at off shore 
station DSY-39. Given that this media would not be available to shellfishermen anid 
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that other species collected from this location did not show similar exceedence, t:his 
analyte was not selected as a L-CoC. The above results demonstrate that relatively 
few CoCs account for the majority of risk in the study area, and further supports the 
selection of L-CoCs as PRGs for risk reduction at the site. 

2.5. PRG Derivation Summary 

The above PRG derivation process has identified pathway-specific L-CoC.s and 
media-specific concentrations (TEVs) for protection of aquatic, avian, and human 
receptors. Table 15 presents a summary of maximum observed TEV-HQs observed by 
exposure pathway and station that constitute the list of L-CoCs for PRG 
implementation. Results show that among all the possible CoC candidates, only a 
small number of CoCs for the aquatic, avian predator, and human health observations, 
respectively, had TEV-HQs>l . For the bedded sediment aquatic exposure pathway, 
the two L-CoCs were HMW PAHs and Total PCBs, while arsenic, copper, lead, Total 
PCBs, and o,p’-DDE were identified as L-CoCs during resuspended sediment 
exposure. Additional L-CoCs included copper, lead, silver, zinc, and Total PCBs for the 
avian predator pathway, while arsenic and benzo(a)pyrene were identified for the 
human health pathway with the single exception of o,p-DDE (TEV-HQ = 0.8). The 
same list of CoCs is retained for all pathways combined. 

The above results demonstrate that relatively few CoCs account for the majority 
of risk in the Derecktor ShipyardKoddington Cove study area, and further supports the 
selection of chosen L-CoCs as PRGs for risk reduction at the site. It should be noted 
that the small number of identified CoCs is a reflection of the relative similarity of CoC 
bioavailability and related risk sources across the site. This observation provides some 
assurance that a novel CoC (unique in distribution, concentration or speciation) has not 
been missed and thus wrongly excluded as a L-CoC. 

3. PRG IMPLEMENTATION 

The second phase of PRG development involves a qualitative assessment of the 
practicality for spatial implementation, i.e., whether the spatial implementation of the 
PRG preferentially target areas of higher risk as identified in the Marine ERA 
(aquatic and avian) and HHRA. In this regard, candidate PRG values are “tested” 
through comparison against measured chemical concentrations at the site. This 
requires that the TEV values be translated into sediment based units (PRGs) so the 
available data at the site can be considered with respect to PRG compliance and /risk 

reduction (Section 3.1). Subsequently, the relationship among the degree of risk 
reduction achieved in consideration of remediated area is discussed to recommend 
appropriate PRGs from a risk-based perspective (Section 3.2). These 
recommendations are used as input into the FS and resulting risk management 
decisions regarding the setting of Remediation Goals discussed in Section 3.3. 
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3.1. Translation of TEV Values into PRGs 

3.1 .I. Aquatic PRGs-Calculation Method. 

With respect to the translation of the TEV for porewater and elutriate media back 
to sediment-based concentrations, the primary intention is to derive a PRG number that 
both protects the receptor, and when applied to measured sediment chemistry, reflects 
a comparable degree of risk as indicated by the matrix-specific risk indicator 
(i.e., the TEV-HQ). For example, a sediment porewater concentration at a given 
location that is two-fold above the TEV (e.g., TEV-HQ = 2) should ideally have a 
corresponding PRG concentration that, when implemented, will reduce the risk by a 
factor of two (e.g. from PRG-HQ = 2 to a PRG-HQ < 1). Inherent in this application of 
PRGs is the assumption that risk at a given location when expressed as a unitless 
quotient is the same regardless of whether the benchmark is TEV-based or PRG- 
based, thus: 

PRG-HQ Sk, CoC, Pathway = TEV-HQ Sk., CoC, Pathway (3) 

Where the risk equivaleticy assumption in Equation 3, the previous statement holds 
true only for a given location, CoC, and exposure pathway. 

The concept of cross-matrix risk equivalency is not new. This approach, for example, 
was used in the ERA to assess risks as a result of CoCs in tissues 
(from Shepard, 1998) based on WQC, wherein the tissue concentration in the biota 
achieved at the water-based effects threshold (e.g., WQC-chronic) is the relevant 
tissue-based effects threshold because CoCs must reach the site of toxic action 
(e.g., tissues) to exert their effect. Similarly, the degree of risk associated with 
porewater/elutriate concentration of causing the effect in bedded/resuspended 
sediment (i.e., TEV-HQ) must equal the risk associated with bulk sediment 
concentration (PRG-HQ) responsible for generating (via partitioning) that porewater 
concentration: 

The relationship described in Equation 3 can be used to solve for the Iocation-CoC- 
pathway as follows. Substituting for PRG-HQ: 

JSed] = TEV-HQ (4) 
PRG 

Given the TEV-HQ and associated sediment concentration ([SED]), the PRG 
concentration can be solved: 

JSed]. = PRG (5) 
TEV-HQ 
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The important feature of this TEV-to-PRG translation method is that the 
measured risk data is used to derive the PRG value, whereas traditionally the EqP 
models would be used to back-calculate PRGs. In some cases, the models may still be 
needed, for example, where characteristics of a particular media sampled at a given 
location (e.g., TOC content of sediment, inert CoC materials such as metal fragments) 
result in an estimated PRG that is outside the expected range about the value at PRG- 
HQ = 1. In these instances, the predicted values can be validated against model1 
estimates in relation to the model parameter inputs for the given location and the cause 
for atypical (high or low) PRG values can be isolated. In the present study, the 
procedure described above was used to calculate station-specific PRG estimates from 
which the mean PRG value was taken as the site-wide PRG concentration. Results of 
this process are discussed in Section 3.2. 

3.1.2. Avian Predator/Human Health PRGs- Calculation Method. 

The translation of both Avian Predator and Human Health PRGs require the 
conversion of tissue-based TEVs to sediment-based concentrations. This methocl of 
translation involves the application of Bioaccumulation Factors (BAFs) for metals and 
Biota-Sediment Accumulation Factors (BSAFs) for organics as discussed in the marine 
ERA (SAIC, 1997). For metals, the sediment-based concentration (pglg gry wt) is 
calculated from the tissue-based TEV concentration according to the formula: 

BAF = 
tissue concentration 

sediment concentration 

therefore: 

sediment concentration = - ;F” (6) 

BAF values for arsenic (0.875), copper (0.33), lead (5.OE-6), silver (6.OE-4) and zinc 
(1.05) were derived in the Marine ERA (Marine ERA Figure 6.3-3). 

For organic CoCs, the corresponding sediment concentration (rig/g dry wt) can 
be estimated from the formula: 

BSAF = 
tissue concentration / lipid concentration 

sediment concentration 1 TOC concentration 

therefore: 
sediment cone = 

TOC cone [ TEV 1 lipid cone] 
BSAF 
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The site-specific BSAF values for PCBs, PAHs, and pesticides derived in the ER.A were 
5.00, 0.12 and 3.85 respectively (ERA Figure 6.3-2). These values were found to 
compare well with literature BSAF values reported by USEPA (EPA, 1998). Also 
assumed for the above calculation is a mean sediment TOC (2.78%; 
Appendix Table A-2.1), and a mean biota lipid (4.59%; Appendix Table A-2.3). 

3.1.3. PRG Calculation Results 

Table 16 presents a summary of calculated PRGs for each of the three exposure 
pathways using methods described in Section 3.1 .I, above. The analyte list includes 
only L-CoCs, i.e., those CoCs identified in Table 15 as having the maximum TEV-HQ 
by station and pathway. For the aquatic PRGs, the station-specific estimates used to 
derive the site-wide baseline PRG (HQ=l) shown in Table 16 are reported in Table A-8. 
Baseline PRGs for Avian Predator and Human Health pathways were calculated 
directly from the TEV values presented in Table 9 and Table 14, respectively. 

Also included in Table 16 are RPRG concentrations for aquatic, avian, human 
health and combined exposure pathways discussed in the Section 3.3-1, Section 3.3-2, 
Section 3.3-3, respectively based on spatial implementation considerations discussed in 
Section 3.2, below. Baseline PRGs for the combined exposure pathway were taken as 
the minimum of the pathway-specific baseline PRGs. 

3.2. Approach for Spatial Implementation of PRGs 

Implementation of PRGs to determine areas of potential remedial action relquires 
that the CoC data obtained from point samples be assigned to non-sampled locations 
to produce a map of complete spatial coverage. Numerous methods for spatial 
extrapolation of point data to larger areas (such as contouring) have been developed 
for environments and sampling strategies in which the assumptions of continuity 
(e.g., constant CoC dilution with distance) and gradation (e.g., regular spacing of 
sampling locations) are met. In the case of the Derecktor ShipyardKoddington Cove 
study area, these assumptions are not met because of heterogeneous CoC 
distributions and station clustering in focused areas. Thus, for this investigation, al 
method using Thiessen polygons was used as it does not require the presumption of 
continuity in the data (ESRI, 1989). An approach of this type was undertaken during 
the USEPA EMAP Demonstration Study for the Virginian Province (Weisberg ef al., 
1993). Here, the Thiessen polygon technique creates irregularly shaped polygons 
around sampled locations with a geometry such that any location in the polygon is 
closer to the sampled point than to any other sampled point. Hence, the concentration 
of the entire polygon is assumed to be equal to the value measured at the sampled 
location within the polygon. 

The Thiessen polygon model constructed for the Derecktor ShipyardKoddington 
Cove study area is shown in Figure 3.2-l. Geographic Information Systems software 
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(ESRI, 1989) was used for polygon construction and subsequent generation of PRG 
implementation maps. The inshore boundary of the site polygons was established as 
the shoreline at high tide, offshore polygons are unbounded. Shading of polygons 
obtained from PRG implementation will be used to demonstrate the locations in which 
CoC concentration data exceed the PRG (lightly-shaded), hence the area of potential 
remedial action. However, the polygonal area does not necessarily represent the final 
remediation area because the final area will depend on final PRG selection and 
additional sampling to improve spatial resolution. 

Because it is desirable to use as much of the available site-specific data as 
possible to reduce spatial uncertainty, the Marine ERA evaluated chemical and 
biological results at 19 sampling locations throughout the Derecktor 
ShipyardKoddington Cove study area (Stations 25-41) were combined with data from 
24 stations obtained from a previous investigation (URI, 1993), hence accounting for 
the number of polygons shown in Figure 3.2-1. 

Although both the ERA and URI investigations used similar sampling protocols 
and chemical analytical procedures, one notable difference was the depth of sediment 
sampling in the URI investigation (O-2 cm depth) vs. the ERA investigation (O-15 cm 
depth). The potential effect of this sampling variation on data comparability (hence 
usability) was evaluated by comparison of chemical results obtained from closely 
located stations between the two studies. The station pairs included DSY-l/40, 
DSY-l/41, DSY-2/28, DSY-3129, DSY-10/41, DSY-1 l/31, DSY-18126, DSY-19/32, 
DSY-20/31, and DSY-21133 (Figure 3.2-l). The Relative Percent Difference (RPD) 
between stations for all stations and measured CoCs was 36%, while the mean RPD 
among PRG analytes for all stations was 47% (Table A-9). However, those stations 
within a proximity of 30 m had about a two-fold reduction in RPD relative to station pairs 
with >30m spatial separation. 

Because the observed variation among datasets is well within the range 
generally considered to be acceptable among field duplicates (i.e., 30-40%) it can be 
concluded that the two data sets are sufficiently comparable to permit the incorporation 
of the URI data set into the PRG assessment. The data would further suggest that 
chemical distributions at the site are fairly homogeneous on the scale of 25-30 m. 
Heterogeneity on smaller scales (e.g., c 25 m) may represent ‘hot spots’ that were not 
detected. Still, the ERA sampling density was intended to characterize chemical risks 
at ecologically significant spatial scales, such that hot spots, if present, are more likely 
of ecological significance as potential CoC sources than for the loss of habitat. 

Results of the Marine ERA have been used to classify the study area polygons 
based on the probability of adverse ecological risk caused by site-related CoCs to 
aquatic/avian aquatic receptors (Figure 3.2-2). The map shows the highest probability 
of adverse ecological risk (“+++“) is occurring at harborfront stations DSY-27 and 
DSY-29 while the lowest probability of risk (“+“) was observed for outer cove areas,. 
The risk assessment for human health did not provide comparable spatial resolution, 
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but rather concluded that adverse risk to subsistence fishermen due to consumption of 
CoCs in biota does exist within Coddington Cove. Because the implementation of 
PRGs are intended to reduce risk, the spatial distribution of risk should be considered 
when evaluating the results of PRG implementation, discussed in the following section. 

3.3. Assessment of PRGs for Risk Reduction 

The assessment of PRG suitability as cleanup goals for the site involve the 
separate evaluation of L-CoCs listed in Table 16 as baseline (HQ=l) concentrations to 
determine the relationship between the degree of PRG exceedence and risk at the site. 
In the following sections, RPRG concentrations for aquatic, avian, and human health 
exposure pathways (discussed in the Section 3.3-1, Section 3.3-2, Section 3.3-3, 
respectively) are proposed that (based on best professional judgment) reflect a risk- 
based perspective on the optimal balance between degree of risk reduction and 
remediated area. These recommended values are further evaluated in the FS with 
respect to technical and fiscal constraints of PRG implementation. 

3.3.1. Aquatic Exposure Pathways. 

Bedded sedimenfs. L-CoCs for the bedded sediment exposure pathway 
(Table 16) include HMW PAHs and Total PCBs. 

HMW PAHs. The baseline PRG for HMW PAHs (6951 rig/g dry weight) was 
exceeded at eight shipyard/cove stations (DSY-2, DSY-3, DSY-18, DSY-19, DSY-20, 
DSY-27, DSY-29, and DSY-30; Figure 3.3-l). PRG exceedences were observecl 
primarily for the harbotfront stations, particularly Stations DSY-3129 where PRG-HQs 
ranged from 4.3 to 10.5 (Table A-IO). Another area in the vicinity of Station DSY-20 
also exceeded the PRG by approximately three-fold, although closely located stations 
did not show similar exceedences (PRG-HQs <I were observed for DSY-1 1 and 
DSY-31). 

Among the stations exhibiting PRG exceedences, only Station DSY-29 was at 
high probability of risk, the extent PRG exceedences at this station (PRG-HQ= 4.3) and 
proximal station DSY-3 (PRG-HQ=10.5) indicate HMW PAHs are a significant source of 
risk. In contrast, the extent of PRG exceedences at low risk probability station DSY-30 
(PRG-HQ = 1.49) are equivalent to that found at high risk Station DSY-27 (PRG- 
HQ=1.47), suggesting that PRG exceedences less than two are likely to preferentially 
address higher risk vs. lower risk areas. Further support for a RPRG equal to 2 tirnes 
the baseline PRG (13903 rig/g)) is seen in the risk/PRG comparison of the Station 
DSY-32 area; this location was classified as low risk while nearby station DSY-19 was 
exceeded the PRG by less than two fold. Similarly, PRG exceedence at Station 
DSY-18 (PRG-HQ = 1.86) is adjacent to intermediate risk station DSY-26 with no PRG 
exceedence (PRG-HQ < I) such that implementing a PRG-HQ < 2 would not reliably 
address intermediate risks. 
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Based on the above analysis of PRG exceedence vs. risk reduction potential, a 
RPRG equal to two times higher than the baseline PRG is selected. The RPRG value 
(13903 rig/g)) was compared to the literature-based effects concentrations as a check 
on the degree of protection that would be afforded to aquatic biota. The RPRG 
concentration was found to be 1.4X higher than the NOAA ER-M ( 9600 rig/g dry weight 
(Long ef al., 1995)) but 1.2X less than the State of Washington Apparent Effects 
Threshold - Low (AET-L; 17,OOOngIg) concentration (Barrick et al., 1988). Hence, the 
RPRG is within the range of values expected to protect aquatic biota from adverse 
exposures. 

Total PCBs. In contrast to HMW PAHs, the PRG for Total PCBs 
(1638 rig/g dry wt) was exceeded only at Station DSY-27 (Figure 3.3-2). In contrast, the 
lack of PRG exceedences for this CoC at all other sampled locations suggests that risks 
due to PCBs are not widespread, and implementation of a lower PRG value is not 
needed. Still, this station was identified as high risk in the Marine ERA, and thus 
implementation of the RPRG at a PRG-HQ = 1 concentration is recommended to 
address risk at this location. 

The RPRG concentration (1638 ng/g) is nine-fold higher than the NOAA EIR-M 
(180 rig/g dry weight), but is intermediate between the AET-low (1000 rig/g dry) and 
AET-high (3100 rig/g dry) benchmarks and about 1.5X lower than the Sediment Effect 
Concentration of 2700 rig/g calculated by MacDonald (1994) based on a PCB-spiked 
sediment bioassay. Thus the RPRG is within the range of independent estimates, of 
threshold effects levels for aquatic biota. 

It is also of interest to note that the corresponding TEV value for Total PCBs was 
set equal to the WQC-SC value (0.03 pg/L) without site-specific modification (Table 7) 
such that there would appear to be a discrepancy between the level of protection 
afforded by water- vs. sediment-based benchmarks, with the latter being overly 
conservative. This is attributed to the fact that the sediment benchmarks are field- 
based and correlative in nature, i.e., reflective of effects caused by complex mixtures of 
CoCs, not PCBs acting alone. In this case, the sediment-based PCB benchmark is 
artificially lowered because the presence of other CoCs in the mixture which will cause 
the sample to be more toxic than would otherwise occur in the PCB-only case. In 
contrast, the WQC is based solely on PCB toxicity. Thus, the baseline PRG value, 
being set equivalent to the WQC-SC concentration, is expected to be completely 
protective of risks to aquatic biota from PCB exposure in sediment. It is also noted that 
the TEV value (i.e., 0.03 ug/L) is 300X less than the WQC-SA criteria (10 pg/L), and in 
contrast to the WQC-SA, the WQC-SC was selected for protection of birds not aquatic 
biota. Hence, the comparability of sediment benchmarks (ER-L/ER-M values asidle) 
with the PRG calculated from WQC suggests that the RPRG should be adequately 
protective of aquatic receptors. 

Overall Assessment. From the above comparison of PRG exceedences with 
observed risk at the site, PRG-HQs above two were observed for both high risk 
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locations determined by the Marine ERA (Figure 3.2-2). Hence, adopting a RPF!G of 
13903 rig/g for HMW PAHs and 1638 rig/g for PCBs would ensure risk reduction at the 
two high risk areas for the site. A summary of areas exceeding the RPRG threshold is 
shown in Figure 3.3-3. Below these PRG-HQ thresholds, there was a poor correlation 
between the degree of risk reduction achieved by adopting lower PRG-HQ threslholds 
(i.e., PRG-HQ=l for HMW PAHs) and the potentially affected area. As a result, PRG 
thresholds could not be discerned which could discriminate between intermediate or 
lower risks. Hence, adopting PRG concentrations below the recommended values 
would not appear supportable from a risk reduction perspective. 

Resuspended Sedimenfs. L-CoCs for resuspended sediments include arsenic, 
copper, lead, Total PCBs and o,p’-DDE. 

Arsenic. Although TEV-HQ exceedences for arsenic were observed at two 
locations (DSY-38: TEV-HQ=l .Ol ; DSY-39:TEV-HQ = 1.88), the poor proximity 
between the location of exceedences and lack of associated risks indicated that arsenic 
was a poor candidate for PRG selection. Application of the baseline PRG (24.6 bLg/g) 
against sediment concentrations revealed PRG-HQ (Table A-l 0). Hence, as shown in 
Table 16, the implementation of a RPRG for this analyte is not recommended. 

Copper. For copper, a TEV-HQ= 1.76 at Station DSY-31 was found basecl on a 
concentration of 5.1 ,ug/L measured in the elutriate sample. Following the methodology 
for PRG translation from TEVs, the PRG-HQ=l concentration of 74 pglg dry wt was 
calculated and the spatial implementation of the sediment PRG is found in Figure 3.3-4. 
While several stations had sediment concentrations above the PRG, a number of these 
locations had non-detectable elutriate Cu concentrations (e.g.,Station DSY-27 and 
DSY-29), such that it is clear that the predicted exceedences are erroneous. This is 
consistent with the fact that copper concentrations at DSY-27 and DSY-29 are not high; 
measured bulk concentrations were marginally above the ER-L and SEM-AVS was c 5, 
indicating that metals including copper are not at concentrations high enough to 
contribute significantly to risk. The lack of measured copper in elutriates is also 
consistent with the low/non-bioavailable concentrations in sediments evaluated forr the 
ERA. Two additional URI stations (DSY-2 and DSY-3) did have Cu concentrations in 
sediment higher than was observed for ERA locations, but the increase was marginal 
(less than two-fold) and hence aquatic biota would be presumed to be at minimal risk 
due to Cu in resuspended sediments. Hence, the data demonstrate that copper is not 
a primary contributor to risk and thus retaining a PRG for remediation of sediments 
subject to resuspension is not recommended (Table 16). 

Lead. The PRG for lead (84 pg/g dry weight) was exceeded at five stations 
(DSY-2, DSY-3, DSY-27, DSY-29, and DSY-32; Figure 3.3-5; Table A-IO). 

In the ERA exposure response relationships between benthic community 
(% dominant taxa) and Pb concentration in sediments suggest possible impact above 
about 150 pug/g (ERA Figure 6.5-l). The ordinance analysis (ERA Figure 6.5-4D) also 
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suggested that Pb at DSY-29 may explain the degraded conditions at this location. 
Hence, implementing a PRG for Pb would appear to be warranted to achieve risk 
reduction at this area. 

In contrast to Station DSY-29, there was no evidence of Pb effects at the other 
high risk station (DSY-27) or any other stations from exposure-response analyses 
presented in the ERA. Since there was no apparent effect of Pb at DSY-27, a PRG for 
Pb should not be set to concentrations below that observed at DSY-27. Given that the 
DSY-27 (no effect) and DSY-29 concentrations are 150 and 185 ,uglg, respectively, an 
intermediate PRG of 166 pglg (2X baseline PRG) would appear to be adequately 
conservative to protect risk to aquatic biota such as was observed at DSY-29. This 
recommendation is consistent with the observation that tissue residues of Pb in biota at 
these locations are not elevated relative to reference (see ERA Figure 4.3-8 to Figure 
4.3-10) . 

Total PCBs. The PRG for Total PCBs (530 rig/g dry weight) was exceeded at 
four stations (DSY-3, DSY-1 1, DSY-27 and DSY-29; Figure 3.3-6). Good agreement 
was found between observed risk and PRG exceedence; the highest PRG-HQ (6.25) 
occurred at high risk Station DSY-27. Sediment PCB concentration at DSY-27 was 
3310 rig/g dry wt, which is six-fold higher than the next highest surface sediment 
concentration (DSY-29). Reduced condition of indigenous mussels at DSY-27 was 
associated with increased tissue PCB concentration (ERA Figure 6.5-5), and possible 
PCB effects on for amphipod survival were noted (ERA Figure 6.4-2B), hence 
supporting the selection of Total PCBs as a PRG to address risks at this location. 

Station DSY-29 was also a high risk area with a marginal PRG exceedence 
(PRG-HQ = 1.03). However, unlike Station DSY-27, PCBs effects at Station DSY-29 
were not indicated in exposure-response analyses for amphipod survival (ERA 
Figure 6.4-2) or benthic community structure (ERA Figure 6.5-3D). Thus, there is a lack 
of supporting data to suggest that implementation of a PRG for PCBs is needed to 
address risks at Station DSY-29. Instead, risks are more likely related to other CoCs, 
notably Pb (see discussion above). 

As with lead, PCB PRG thresholds below PRG-HQ < 2 could not be discerned 
which could discriminate between high and low risks, and thus adopting a PRG 
concentration below 1060 rig/g is not recommended, whereas adopting a RPRG at 
1060 rig/g would conservatively ensure risk reduction in one of the high risk areas. 
While the RPRG is well above the NOAA ER-M (180 rig/g dry weight), the value is 
comparable to the State of Washington AET-low (1000 rig/g dry) and well below the 
AET-high (3100 rig/g dry) benchmarks. Thus the RPRG is within the range of 
independent estimates of protective threshold effects levels for aquatic biota. 

A single exceedence of the PRG value for o,p’-DDE (9.06 rig/g)) was o,p’-DDE. 
observed for Station DSY-27 (PRG-HQ = 7.2, Table A-IO). Although this station is one 
of two high risk areas identified in the Marine ERA (Figure 3.2-l), the corresponding 
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TEV-HQ for this station (TEV-HQ = 0.78, Table A-5) was below the presumed threshold 
for aquatic risks. The CoC was retained as a L-CoC only to permit a more thorough 
evaluation of all sediment data available, and in doing so, facilitate the detection of any 
locations where this CoC might be a primary risk driver to the maximum extent possible. 
Given that no other location contained sediment concentrations above the PRG, it is 
recommended that this CoC not be retained as a PRG. 

Resuspension Evaluation. The ERA concluded that there exists considerable 
uncertainty as to whether short term risks during resuspension events would actually 
occur to produce exposure concentrations equivalent to I:4 dilution used in elutriate 
exposures (corresponding to g/L total suspended solids concentrations). Two 
scenarios which have been proposed include 1) prolonged resuspension of sedirnents 
in shallow water due to severe storm events, and 2) short-term, high scouring events 
caused by propellor wash from large vessels during docking maneuvers. A prelirninary 
spatial assessment of these scenarios is presented below. 

Wind and wave action during storms in addition to the prevailing current are 
expected to have a dominant influence on patterns of sediment resuspension. These 
forces are expected to be particularly important for fine grained sediments which 
resuspend most easily and generally contain the highest bulk concentration of 
contaminants. Geotechnical and hydrodynamic studies of Coddington Cove conducted 
as part of the ERA provide insight as to the distribution of such sediments and the 
background currents to which they are exposed. From the analysis of cove bathymetry 
(ERA Figure 3.1-2), grain size distribution (ERA Figure 4.2-5) and near-bottom 
deposition/erosion energies (ERA Figure 4.2-17) the area of the cove most likely to 
contain silt/clay (c 0.8 mm diameter) sediments available for resuspension are generally 
restricted in water depths less than 7m (Figure 3.3-8). This zone includes bottom 
sediment throughout much of southern Coddington Cove, the eastern and northern 
portion of the cove out to 150-200 m. Resuspension of sands is also possible due to 
storms and/or vessel activity, however this CoC transport pathway should be 
considered to be of minor concern relative to fine grained sediments because of the 
generally lower CoC concentrations found in sandy sediments. Hence, as a rough, 
worst-case approximation, sediments above RPRGs within this zone could adversely 
effect biota depending upon the strength and duration of the resuspension event. 
Given the considerable uncertainties about the delineation of this zone and nature of 
actual resuspension conditions (location, intensity), a more detailed study of actual 
resuspension events are strongly recommended if concern over resuspension is the 
primary motivation for remedial action. 

The effect of large vessel propellor turbulence as a cause of sediment 
resuspension (i.e., “prop scour”) has been investigated by a number of authors, most 
recently by Maynord (1998). This USACE study was conducted to validate earlier 
models developed to simulate prop scour and hence predict stability of waterway 
channels to erosion from ship traffic. The study found good agreement between 
predicted and measured bottom velocity (V,) currents for the model: 
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Vb = (Cj * Vj * D,)/H, (8) 

where Cj = constant for a ducted propellor, Vj = jet velocity at surface created by a 
docked vessel in gear at high RPM, D, = propellor diameter, and H,= height of propeller 
shaft above bottom. For Derecktor Shipyard, worst-case conditions for prop wash 
would appear to exist for vessel tenders that may frequently escort larger vessels into 
the pier. Larger vessels, such as offshore Coast Guard vessels, are presumed to only 
infrequently dock or may only do so with vessel tender assistance hence, as a less 
likely contribution to overall resuspension in the Cove. Substituting representative 
characteristic of vessel tenders (Cj = 0.3, D, = 1 m) and moderately high RPM 
operations (Vj = 3 m set-I), and bottom currents typical for Coddington Cove 
(V, = 0.1 m sed’, ERA Figure 4.2-12B), the water depth (-H,) at which the prop wash 
current is no greater than the ambient current can be determined: 

H, = (Cj * Vj * D,)/V, (9) 
= (0.3 * 3 * 1yo.1 

=9m 

Adding 1 m for vessel draft, this result suggests that wherever the water depth in the 
cove is greater than 10 m, the contribution of propellor current to the bottom flow is no 
greater than the ambient current. 

This first order approximation is translated into a prediction of bottom area 
potentially affected by prop wash produced by vessel tenders (Figure 3.3-8), and 
accordingly, potentially the resuspension of contaminated sediments above PRGs 
which could adversely effect biota. The map shows the 10 m bathymetry contour; 
bottom areas in <IO m water depth may be subject to prop wash from vessel tenders 
while maneuvering deeper draft vessels. It should be noted that water depth will also 
limit the operational area and thus the locations where prop wash scouring might (occur. 

The above analysis was intended to provide a conservative, yet realistic 
assessment of bottom areas frequently affected by prop wash. Of course, more 
conservative assumptions (larger vessels, higher RPM operations) would lead to 
potential resuspension at greater water depth. As discussed for storm resuspension, 
there are large uncertainties about the delineation of this zone and nature of actual 
resuspension conditions (location, frequency) that might occur. Finally, as noted in the 
ERA, it is unlikely that the intensity of resuspension would come close to the high slurry 
concentration represented as by I:4 dilution used to prepare sediments for testing the 
toxicity of elutriates. More detailed studies of actual prop wash events are strongly 
recommended if concern over resuspension is used as the primary motivation for 
remedial action. 

Overall Assessment. Based on the above information, it is recommended that 
sediment concentrations of 168 pug/g and 1060 rig/g respectively be adopted for lead 
and Total PCBs for the resuspended sediment exposure pathway since good 
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correspondence was observed between areas exceeding PRGs and areas of hkgh risk, 
A summary of areas exceeding the RPRG threshold is shown in Figure 3.3-7. Unlike 
bedded sediments, however, it is difficult to independently assess the level of protection 
afforded by the RPRGs since benchmarks for resuspended sediments are not 
available. In addition, it is unclear whether the high risk areas identified in the ERA 
were due to exposures from bedded or resuspended sediments, or both. It is of interest 
to note that based on present data, areas exceeding resuspension PRGs are a subset 
of the total area above the bedded PRG, such that addressing bedded risks will rectify 
resuspension risks as presently delineated. Finally, the likelihood of resuspension does 
vary spatially within the cove and is dependent on the source of resuspension energy 
(wave action vs. ship traffic). Information on the active intensity, frequency and cluration 
of such events will be required to effectively implement PRGs for protection of aquatic 
biota based solely from resuspended CoCs. 

3.3.2. Avian Predator Exposure Pathway. 

For the avian predator exposure pathway, five metals (arsenic, copper, leaid, 
silver, and zinc) and Total PCBs were identified as L-CoCs and thus are included as 
candidate PRGs in Table 16. Sediment-based PRGs for the metals were back- 
calculated using the BAF-based model (Equation 5), while for Total PCBs the BSAF 
model was used (Equation 6). 

Metals. Among the metals, sediment concentrations of arsenic did not exceed 
the PRG at any location (Table A-l 1). Copper also exceeded the PRG at two locations 
(Stations DSY-2 and DSY-3; Figure 3.3-g), with PRG-HQs ranging from = 1.07 to 1.43. 
Zinc was above the sediment PRG at 21 stations with PRG-HQs ranging from = 1 .O to 
10.4 (Figure 3.3-10). Among these two CoCs, only five stations had PRG-HQs > 2 
(DSY-2, DSY-3, DSY-11, DSY-27, and DSY-29). PRGs were not exceeded for the 
remaining metal-related L-CoCs (lead and silver). 

In the Marine ERA, generally intermediate risks to avian predators were assigned 
to Stations DSY-28, DSY-29, and DSY-36, while slight risks were apparent elsewhere, 
including reference locations (SAIC, 1997; Table 6.6-3). Although there is an apparent 
concordance between PRG exceedence and observed risk including areas repres,ented 
by Station pairs DSY-2/DSY-28 and DSY-3/DSY-29, implementation of remedial action 
based on this PRG does not appear warranted given the limitation of the conservative 
exposure assumptions in the ERA and subsequent conclusion that CoCs in Coddington 
Cove do not likely pose an unacceptable risk to avian receptors (ERA Section 6.3). 
Thus, despite the fact that PRGs were exceeded, the avian predator would have to 
spend its entire life feeding in the affected area for true risks to occur. This overly 
conservative assumption leads to the recommendation that the PRGs for risk reduction 
for the avian aquatic exposure pathway metals not be adopted at this time except 
perhaps for purposes of monitoring to ensure continued lack of significant risks via food 
chain transfer from prey species to aquatic predators. 
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Total PCBs. PRGs for Total PCBs were exceeded at 24 stations 
(Table A-l 1; Figure 3.3-l I), with PRG-HQs ranging from 1 .O (Station DSY-21) to 35.7 
(Station DSY-27). Among these locations, only four stations exhibited PRG-HQs > 5 
(DSY-3, DSY-11, DSY-27, and DSY-29). As noted above for metals, intermediate risks 
were assigned to avian predators feeding at Stations DSY-28, DSY-29, and DSY-36. 
The agreement between PRG exceedence and observed risk included areas 
represented by Station pairs DSY-28 (PRG-HQ=1.45, Table A-l IA and A-l 1 B) and 
particularly DSY-29 (PRG-HQ=35.9), might ordinarily suggest implementation of 
remedial action, but because of the conservative exposure assumptions unacceptable 
risk to avian receptors due to PCB exposure is unlikely. 

An additional consideration for the indirect effects that PCBs might have on 
avian predators through reduction in the supply food from PCB-sensitive species. The 
maximum predicted porewater concentration of PCBs was found at Station DSY-27 
(0.027 ug/L) is slightly below the USEPA WQC-SC value (0.03 us/L), but is nearly 
1500-fold lower than the measured Aroclor-1254 LC,, for the amphipod, Ampehsca 
abdita (40 pg/L; Ho et al., 1997) used in the ERA and found to exhibit slight toxicity 
when exposed to sediments from this location. Hence it is unlikely that PCBs in 
Derecktor ShipyardKoddington Cove would impact avian predators through reduction 
in their food supply. Thus, as shown in Table 16, a PRG for Total PCBs to protect the 
avian predator exposure pathway is not recommended for implementation. 

3.3.3. Human Health Exposure Pathway. 

The L-CoCs identified for protection of risks to subsistence fishermen from 
consumption of shellfish were arsenic and benzo(a)pyrene (Table 16). Baseline PRGs 
presented in Table 16 represent threshold concentrations for protection of carcinogenic 
effects at 1 x 1 Ob6 risk and non-carcinogenic risks at HQ=l. However, there is a high 
probability that the exposure scenario is overly conservative (a subsistent fisherman is 
not likely to derive all seafood exclusively from Coddington Cove for 30+ years, nor 
could the cove support such intensive pressure from a subsistence population). 
Perhaps a more plausable (yet conservative) assumption is that the shellfishing 
population might rely on the cove for up to 10% of the amounts noted in Table 10, such 
that 10 times the PRG-HQ threshold is a realistic point of departure for assumption of 
possible adverse health effects due to shellfish consumption. With this assumption in 
mind, the PRGs were evaluated below at PRG-HQ = 1 and at 10 times the PRG-HQ 
thresholds. 

Arsenic. Arsenic was identified as a L-CoC for protection of risks to human 
health exposure from consumption of shellfish (Table 16). While arsenic 
concentrations marginally exceeded the TEV (TEV-HQ < 2, Appendix Table A-7), ,the 
corresponding PRG-HQs were all less than unity (Appendix Table A-12). This 
discrepancy is attributed in part to uncertainty in the BAF factor for arsenic used tcl 
calculate the sediment PRG (19.7 pug/g) from the tissue-based TEV value. However, 
any overlooked risk because of the BAF limitation would appear to be outweighed by 
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the fact that the true risk to arsenic may be overestimated by an order of magnitude 
since the toxic fraction (i.e., the organic component) is typically about 10% of the total 
arsenic content (USFDA, 1993). Further, a review of the literature regarding the 
methodology used to derive the TRV value (extrapolated from mice), reveals that the 
route of exposure evaluated was arsenic in drinking water, and since arsenic was 
administered in soluble form, it is likely to be far more bioavailable than arsenic bound 
to sediment particles. Finally, arsenic risks are unlikely to be significant as all areas of 
the cove had sediment concentrations well below the baseline PRG. 

Based on the above data, it is recommended that an arsenic value not be 
selected as a Final Remediation Goal, but monitoring for organic arsenic concentrations 
should be performed at least once to confirm that bioavailable concentrations are below 
toxic levels. Revision of the PRG list could occur pending outcome of the monitoring 
results. 

Benzo(a)pvrene. Benzo(a)pyrene was also identified as a L-CoC for protection 
of risks from consumption of shellfish (Table 16). The sediment-based PRG 
concentration at PRG-HQ=l (53.9 rig/g dry wt) was exceeded at 34 of 41 stations 
(Appendix Table A-12; Figure 3.3-12). The areas with highest PRG-HQs (HQs > 10) 
were confined to the nearshore areas including Stations DSY-2, DSY-3, DSY-18, 
DSY-20, DSY-27, DSY-29, and DSY-30. Much of the area exceeding the PRG-HIQ=lO 
threshold are not fishable due to industrial/military activity in the shipyard/cove 
(approximately all areas between and eastward of the piers and dock areas shown in 
Figure 3.3-12). Perhaps the area represented by polygons around Stations DSY-18 
and DSY-30 may be fishable and PRGs could be implemented in some manner to 
guard against adverse risk from shellfish consumption. It is recommended that the 10 
X PRG concentration (535 rig/g dry weight) be adopted given the conservative nature of 
the subsistence fishermen scenario, but a careful cost/benefit analysis (including more 
detailed delineation of the affected area) should be conducted to weigh the advantages 
of risk reduction against the disruptive nature of remediation. 

Summarv. A summary of areas exceeding the RPRG for benzo(a)pyrene 
(539 rig/g dry weight) threshold is shown in Figure 3.3-13. Based on present data, it is 
unlikely that the shellfishing population is substantially at risk since fishable areas 
above RPRG concentrations are limited and would not be expected to support a 
subsistence fishing population. However, it would seem reasonable to monitor for this 
CoC to confirm that harvested shellfish remain below toxic levels. 

4. CONCLUSIONS/RECOMMENDATIONS 

The PRG development strategy for the Derecktor Shipyard/ Coddington Cove 
study area was developed in a manner consistent with site ARARs and has identified 
RPRGs that are consistent with the findings of the risk assessments. The magnituides 
of the PRGs are generally comparable to correlative benchmarks which increases the 
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certainty that minimal residual risk associated with the CoCs will remain when the PRGs 
are implemented. 

The RPRG concentrations identified in Table 16 for aquatic, avian, and human 
health exposure pathway are listed for consideration as Final Remediation Goals 
(pending further evaluation in the FS). These values may differ from concentrations 
assumed to represent the baseline risk condition (i.e., PRG-HQ=l) because of the need 
to ensure that the PRG implementation leads to effective and practical risk reducition; 
selecting all PRGs or remediating to baseline concentrations would affect nearly all of 
Coddington Cove (light and densely shaded areas of Figure 3.3-14; Table A-13), and 
thus does not appear to provide an optimal balance between the degree of risk 
reduction achieved and potential environmental impacts that would occur on adjacent 
areas during the remediation process. In contrast, the RPRG concentrations are based 
on interpretation of the data in light of observed distribution and severity of estimated 
risks at the site; high and some intermediate risk areas are addressed (densely shaded 
areas noted B or R in Figure 3.3-14), while simultaneously, a number of areas above 
RPRG concentrations for human health are also included (densely shaded areas noted 
H in Figure 3.3-14). Other considerations presented in FS report regarding cost and 
engineering constraints may also modify the Final Remediation Goals to be adopted by 
risk managers. 

Depending on the nature of the remedial action, a PRG list based on a combined 
pathway analysis may be suitable. It is acknowledged that the spatial resolution of the 
analysis depends on the density of stations within the study area. Some areas which 
might require remedial action may presently be depicted larger than they actually are, 
and thus will require confirmation sampling during the pre-design investigation in order 
to reduce uncertainty and to better define the extent of the areas to be remediated. 
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Figure 2.2-l. Water quality screening value selection process 

and associated data qualifiers. 
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Figure 3.2-l. Thiessen polygons for PRG implementation for the Derecktor Shipyard/ 
Coddington Cove study area. 
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Figure 3.2-2. Risk probability for the Derecktor ShipyardlCoddington Cove study area. 
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Figure 3.3-l. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments in the Derecktor ShipyardlCoddington Cove study area:* 

Bedded Sediment Exposure Pathway for HMW PAHs 
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Figure 3.3-2. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments from the Derecktor ShipyardKoddington Cove study area:* 

Bedded Sediment Exposure Pathway for Total PCBs 
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Figure 3.3-3. Summary of CoCs exceeding aquatic PRGs by location for sediments from the 
Derecktor ShipyardEoddington Cove study area:* 

4;mrr-b e--a-.--- -- dla Recommended PRG Implementation for the Bedded SeGIIII=IIC cnposure ramway 
\ 

l Sediment Sample 
1 Thiessen Polygons 

@jJ Rec. PRG (RPRG) Exceeded 

HMW PAHs (RPRG = 13903 rig/g)) 
DSY-2: 63994 nglg h 

DSY-20: 20406 nili 
DSY-29: 30118 nglg 

Total PCBs (RPRG = 1638 rig/g)) 
DSY-27: 3310 rig/g 

I ml4 

* indicated polygonal area does not necessarily 
represent the final remediation area; final area 
dependent on PRG selection and additional 

L 

400 0 Ann 800 Meters 
I 



Figure 3.3-4. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 

Resuspended Sediment Exposure Pathway for Copper 
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Figure 3.3-5. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments from the Derecktor ShipyardICoddington Cove study area:* 

Resuspended Sediment Exposure Pathway for Lead 
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Figure 3.3-6. Summary of CoCs exceeding PRGs for protection of aquatic biota by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 

Resuspended Sediment Exposure Pathway for Total PCBs 
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Figure 3.3-7. Summary of CoCs exceeding aquatic PRGs by location for sediments from the 
Derecktor ShipyardEoddington Cove study area:* 

Recommended PRG Implementation for the Resuspended Sediment 
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Figure 3.3-8, Bathymetry of Coddington Cove, NETC Newport, RI and the inferred zone of 
potential sediment resuspension. 

i Resuspension zone (c 7 m) 



Figure 3.3-9. Summary of CoCs exceeding PRGs for protection of avian predators by 
location for sediments from the Derecktor ShipyardlCoddington Cove study area:* 
Avian Predator Exposure Pathway for Copper 
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Figure 3.3-l 0. Summary of CoCs exceeding PRGs for protection of avian predators by 
location for sediments from the Derecktor ShipyardKoddington Cove study area:* 
Avian Predator Exposure Pathway for Zinc 
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Figure 3.3-l 1. Summary of CoCs exceeding PRGs for protection of avian predators by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 

Avian Predator Exposure Pathwav for Total PCBs 
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Figure 3.3-12. Summary of CoCs exceeding PRGs for protection of human health by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 
Human Health Exposure Pathway for Benzo(a)pyrene 
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Figure 3.3-13. Summary of CoCs exceeding human health PRGs by 
location for sediments from the Derecktor ShipyardEoddington Cove study area:* 
Recommended PRG Implementation for the Human Health Exposure Pathway 
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Figure 3.3-l 4. Summary of PRG exceedences by pathway for Derecktor Shipyardi’Coddington 
Cove study area. 

l Sediment Sample 

<QGThiessen Polygons 

/ 

>Baseline PRG, <Ret PRG 

Ez 

>Rec PRG 

a 

B = Aquatic Bedded 

R = Aquatic Resuspended 

H = Human Health 

A = Avian 



Table 1. Potential Remedial Action Objectives for the Derecktor Shipyard/ 

Coddington Cove study area. 

Media/Receptor 

Aquatic Organisms 

Remedial Action Objectives (RAOs) 

l Prevent exposure of aquatic organisms to bedded (in = 
place) sediments with CoC concentrations exceeding 
the recommended PRGs. 

Avian 

Human Health 

. Prevent exposure of aquatic organisms to sediments 
with CoC concentrations exceeding the recommended 
PRGs and that are present within areas where 
resuspension could occur. 

l Prevent exposure of avian predators to shellfish that are- 
impacted by sediments with CoC concentrations 
exceeding the selected PRGs and are within areas where 
shellfish predation could regularly occur. 

l Prevent human ingestion of shellfish that are impacted kc 
sediments with CoC concentrations exceeding the 
selected PRGs, and are within areas where shellfishing 
could regularly occur. = 



Table 2. Chemical-specific ARARs for the Derecktor ShipyardlCoddington Cove study area. 

MEDIA REQUIREMENT STATUS SYNOPSIS APPLICABILITY TO SITE CONDITIONS 
Groundwaler 

(Federal) Federal Resource Conservation and To Be Allows for the development of ACL for facilities which Although currently undeveloped, ACL for groundwatt 
Recovery Act (RCRA), Subpart F (40 CFR Considered treat, store, or dispose of hazardous wastes when the may be relevant and appropriate tlc the development 
264.94). Ground-Water Protection Standards characteristics of the ground water (e.g. high salinrty) of site-specific PRG~. 
and Alternate Concentration Levels. limrt the applicabon of MCLs or health-based criteria. 

Exposure-based ACL may be developed which take 
into account potentially adverse effects on 
groundwater quality and hydraulically connected 
surface water quality. 

Federal Clean Water Act (CWA) (33 USC To Be Non-enforceable guidelines established for the AWQC. with modification. may be relevant and 
1251-1376): Clean Water Act, Water Quality Considered protection of human health and/or aquatic organisms. appropriate for the development ot PRGs for 

Criteria, Section 404 (40 CFR 230) These guidelines are used by states to set water groundwater which enters a surface water. 
quality standards for surface water. 

Federal Safe Drinkrng Water Act Relevant Establishes drinking water MCLs and health-based Appropriate for the development or PRGsfor remedi; 
and criterra. aCtiOnS involving the discharge of treated groundwatt 

Appropriate 

jurface Water 

(Federal) Federal Clean Water Act (CWA) (33 USC Relevant Non-enforceable guidelines established for the AWQC are relevant and appropriate to the 
1251-1376); Clean Water Act, Water Quality and protection of human health and/or aquatic organisms. development of PRGs for surface water. AWQC will 
Criteria, Section 404 (40 CFR 230) Appropriate These guidelines are used by states to set water also be applicable to remedial alternatives whrch 

or quality standards for surface water. involve discharges to surface water. 
Applicable 

6oiUSediment 

(Federal) Toxicity Characteristic (40 CFR 261-24) To Be Establishes maximum concentrations of CoC for the Appkcable where wastes produced during remedtal 
Determined TCLP test method described rn 40 CFR 261, action require handling as a hazarclous waste based 

Appendix II. upon results of TCLP analysis. 

Land Disposal Restrictions (40 CFR 268) To Be Establishes maximum concentrations of CoCs on the Applicable to remedial alternatives which specify the 
Determined basis of which hazardous wastes area restricted from land disposal of hazardous wastes, 

land disposal. 

Toxic Substances Control Act (TSCA) (40 Relevant Establishes PCB cleanup levels for soils and solid Applicable to spills of materials containing PCBs at 
CFR 761.125) and surfaces. concentrations of 50 mg/kg or greater that occurred 

Appropriate after May 4 1987. Although landfill operations cease 
in 1972. this regulation may still be relevant and 
appropriate for the development of the PRG. 

EPA Proposed Sediment Quality Criteria To Be Establishes proposed levels of five prionty pollutants in To be considered for the development of PRGs. 
(Fed. Reg. Vol. 59. No. 11, 18 January 1994) Considered fresh and saltwaters for the protectton of benthic 

organisms. 

EPA Interim Sediment Criteria Values for Non To Be Screening values for contaminants in sediments. To be considered for the development of PRGs. 
Polar Hydrophobic Organic Contaminants Consrdered EPA’s proposed criteria are contained in the 1994 
(EPA SCD#17 May 1988) document (above). 

Interim Guidance on Establishing Soil Lead To Be Sets as an interim solI cleanup level for lead at 500 to To be considered for the development of PRGs. 
Cleanup Levels at Superfund Sites (OWSER Considered 1,000 mg/kg. 
93554-02) 

Groundwater 

(State) Rules and Regulations for Groundwater To Be Establishes water classifications and water quality Class GA WQS. with modification, may be relevant 
Quality Criteria (CRIR No. 12-100-006) Considered criteria. Also establishes acute and chronic water and appropriate to the development of PRGs for 

quality criteria for the protection of aquatIc life. groundwater based upon the potential discharge 
following treatment to fishable surface water. 

Groundwater Protection Act of 1985 (RIGL 46 Applicable Establishes the policy for maintaining and restoring Applicable to Class GB groundwater within the state 
13.1) groundwater quality and presents groundwater Rhode Island. 

classificabons. 

;urface Water 

(State) Rules and Regulations for Groundwater Relevant Establishes water classifications and water quality WQS are relevant and appropriate to the developmet 
Quality Criteria (CRIR No. 12-100-006) and criteria. Also establishes acute and chronic water of PRGs for surface water. WQS will also be 

Appropriate quality criteria for the protection of aquatic life. applicable for remedial alternatives which involve 
Oi- discharges to surface water. 

Applicable 

Water Quality Regulations for Water Pollution Applicable Establishes water qualrty critena and water Applicable to Class SA surface water for the 
Control classifications. development of PRGs. 

Soils 

(Stale) Rules and Regulations for Lead Poisoning Applicable RIDEM, in conjunction with RIDOH, established a Applrcable to the development of soil PRGs. 
Prevention permissible level of lead in soil at 500 mg/kg for 

surface soils and 1,000 mgrkg for subsurface soils. A 
“lead-free” level in soil was defined as 150 mgrkg. 

RI Hazardous Waste Management Act of Relevant Defines Type 6 - Extremely hazardous waste at Relevant and appropriate for the development of soil 
1987 (RIGL23-19.1 et seq.) and including wastes which contarn PCB at a concentration PRGs. Applicable for remedial actions which involve 

Appropriate of 50 mg/kg or greater or showing 10 ug/lOO cm2 or handling hazardous wastes, 
or greater as measured by a standard wipe test. 

Applicable 

Rules and Regulations for Solid Waste Relevant Defines solid waste as including any solI, debris, or Relevant and appropriate for the development of soil 
Management and other material with a concentration of PCBs of 10 ppm PRGs. Applicable for remedial action which involve 

Appropriate or greater as measured by a standard wipe test. handling solid wastes. 
Or 

Applicable 



Table 3. Procedure for Preliminary Remediation Goals (PRGs) development for aquatic, avian predator and human health exposure pathways in the 
Derecktor ShipyardICoddington Cove study area. 

I EXPOSURE PATHWAY 

PROCEDURE Aquatic Bedded Aquatic Resuspended Avian Predator Human Health 

1 - Identify primary CoC exposure IExposure pathway = porewater; 1 Exposure pathway = Elutriate /Exposure pathway = Fish and 1 Exposure pathway = Shellfish 
pathways and benchmarks to be Benchmark = Water Quality water; Benchmark = Water Quality shellfish consumption; Benchmark consumed by subsistence 
used to express risks. Screening Values (WQSV); PW- Screening Values (WQSV); Elu- = Toxicity Reference Value (TRV); fishermen; Benchmark = minimur 

HQ = Porewater (PW) HQ = Elutriate (Elu) TRV-HQ = Tissue concentration Reasonable Maximum Exposure 
concentration/WQSV. concentration/WQSV. of prey species/TRV. (RME) value; RME-HQ = Shellfis 

tissue concentration/RME. 

2 - Evaluate CoC bioavailability under Estimate 95% Upper Confidence Estimate 95% Upper Confidence TRV based on avian predator RME based on human health 
site-specific conditions, Limit (95% UCL) of PW-HQs Limit (95% UCL) of Elu-HQs exposure model for species living exposure model for recreational 

associated with non-toxic associated with non-toxic in the New England region. shellfishing characteristics in the 
samples: set NOEQ = 1 where samples; set NOEQ = 1 where New England region. 
95% UCLCI. 95% UCLCI. 

3 - Retain CoCs substantially Retain CoCs for which the ~- Retain CoCs for which the Retain CoCs withTRV-HQ>l. Retain carcinogenic CoCs with 
contributing to risk at the site. Maximum PW-HQ associated with Maximum Elu-HQ associated with risk > 1 xl O-“; Retain non- 

toxic samples Z- NOEQ. toxic samples > NOEQ. carcinogenic CoCs with HQsl. 
4 - Evaluate feasibility of Compare Aquatic NOEC’ and Compare Aquatic NOEC’ and Compare Avian Predator TRV and Compare human health RME ant 

pathway/CoC-specific PRG as a Reference Screening Value (RSV) Reference Screening Value (RSV) Reference Screening Value (RSV) Reference Screening Value (RSL 
long-term remedial goal. for CoCs in porewater; select for CoCs in resuspended for CoCs in prey species tissues; for CoCs in shellfish species 

greater of two values as aquatic sediment: select greater of two select greater of two values as tissues; select greater of two 
Threshold Effects Value (TEV). values as aauatic Threshold avian predator Threshold Effects values as human health Threshol 

5 - Rank pathway-specific TEV-HQs I-Calculate Aquatic TEV-HQs as Calcluate Avian Predator TEV- 
and select CoCs with maximum station-specific PW conc./TEV; station-specific Elu conc.iTEV; HQs as station-specific prey HQs as station-specific shellfish 
HQs by station and pathway as identify maximum TEV-HQ by identify maximum TEV-HQ by tissue conc.iTEV; identify tissue conc.lTEV; identify 
“limiting” CoCs. station; compile resulting list as station; compile resulting list as maximum TEV-HQ by station; maximum TEV-HQ by station; 

“limiting” Aquatic CoCs for PRG “limiting” Aquatic CoCs for PRG compile resulting list as “limiting” compile resulting list as “limiting” 
development. development. Avian Predator CoCs for PRG Human Health CoCs for PRG 

-+$Z&ZZZ. useaquatic-or metal CoCs, use aquatic++pment’ ___ 6 - Determine PRGs for “limiting” Tent. Calculate PRGs (units = rig/g dry Calculate PRGs (units = rig/g dry 
CoCs, I.e., convert TEV values in 
concentration-based units to be 
used during remediation. dry wt sediment) from TEV using ~ ~~ 7 - Evaluate practicality of pathway- 
specific PRGs for effective risk 
reduction. 

avian predator risk distribution. human health risk distribution. 

I- NOEC = NOEQ x WQSV. 



Table 4. Water Quality Criteria for target analytes selected for aquatic PRG development 
and derived Water Quality Screening Values. 

F 

C 

C 

b 

P 

:hemical EPA Water Quality Criteria’ NOAA WQSV’.* 
:lass Analyte3,4 WQC-FA WQC-FC WQC-SA WQC-SC ER-L Cont. DQ 
letals Arsenic 360 190 69.00 36.00 8.20 36.00 A 

Cadmium 3.90 1.10 43.00 9.30 1.20 9.30 A 
Chromium 1700 210 1100 50.00 81.00 50.00 A 

Copper 18.00 12.00 2.90 2.90 34.00 2.90 A 
Lead 83.00 3.20 220 8.50 46.70 8.50 A 

Mercury 2.40 0.01 2.10 0.03 0.15 0.03 A 
Nickel 1400 160 75.00 8.30 20.90 8.30 A 
Silver 0.92 0.12 7.20 0.92 1.00 0.92 A 
Zinc 120 110 95.00 86.00 150 86.00 A 
SEM:AVS 5.00 F 

AHs 1,6,7-Trimethylnaphthalene NA 
1 -Methylnaphthalene NA 
I-Methylphenanthrene NA 
2,6-Dimethylnaphthalene NA 

2-Methylnaphthalene 70.00 0.88 E 

Acenaphthene 1700 520 970 710 16.00 710 A 

Acenaphthylene 44.00 0.46 E 

Anthracene 85.30 0.29 E 

Benzo(a)anthracene 261 0.07 E 

Benzo(a)pyrene 430 0.04 E 
Benzo(b)fluoranthene NA 
Benzo(e)pyrene NA 
Benzo(g,h,i)perylene NA 
Benzo(k)fluoranthene NA 
Biphenyl NA 

Chrysene 384 0.10 E 
Dibenz(a,h)anthracene 63.40 1.68E03 E 
Fluoranthene 3980 40.00 16.00 600 16.00 A 

Fluorene 19.00 0.14 E 
Indeno(l,2,3-cd)pyrene NA 

Naphthalene 2300 620 2350 160 620 B 
Perylene NA 

Phenanthrene 30.00 6.30 7.70 4.60 240 0.81 A 

Pyrene 665 0.63 E 

LMW PAHs 552 5.26 E 

HMW PAHs 1700 0.29 E 
Total PAHs 4022 5.09 NA 

CBS Total PCBs 2.00 0.01 10.00 0.03 22.70 0.03 A 
ssticides Aldrin 3.00 1.30 0.16 B 

Hexachlorobenzene 6.00 3.68 3.68 C 

Mirex 1 .OOE-03 1 .OOE-03 1 .OOE-03 A 

o,p’-DDE 0.13 l.OOE-03 2.20 1 .OOE-O3 B 

p.p’-DDE 0.13 1 .OOE-03 2.20 1 .OOE-03 B 
3T Tributyltin NA 

D - Data Qualifier (see Fiaure 2.2-l). 

Pl 
PC 

Tf 

DI I -~ , 
WQC-FA = Water Quality Criteria = Freshwater Acute Value 
WQC-FC = Water Quality Criteria = Freshwater Chronic Value 
WQC-SA = Water Quality Criteria = Saltwater Acute Value 
WQC-SC = Water Quality Criteria = Saltwater Chronic Value 
WQSV = Water Quality Screening Value 
WQSV CODES: 
NA= Benchmark not available to derive Screening Value 
A- WQC-SC VALUE 
B- 8:l ACUTE/CHRONIC RATIO APPLIED TO WQ-SA VALUE (Shepard, 1995); * = Acute value based on LDAEL 
C- WQC-FC VALUE 
D- 8:l ACUTE/CHRONIC RATIO APPLIED TO WQ-FAVALUE (Shepard, 1995). 
E- EqP PARTITIONING OF ER-L SEDIMENT BENCHMARK INTO POREWATER AT 1% TOC 
I- Units: pg/L. 
2- See text and Figure 2.2-l for WQSV derivation process. 
3- LMW PAH = ten 2-ring & 3-ring PAHs; HMW-PAH = eight 4-ring and B-ring PAHs; Total PAH = sum of LMW and HMW PAHs (NOAA, ,991) 
LMW PAH, HMW PAH Kow = median of analyte specific Kows 
4 -Assumed to be the same as DDT. 



Table 5A. Distribution of toxic and non-toxic aquatic Hazard Quotients and derivation of No Observable Effect 
Quotients for the aquatic receptors exposed to CoC via bedded and resuspended sediment aquatic exposure pathways 
for the Derecktor ShipyardlCoddington Cove study area. 

BEDDED SEDIMENT 

Class ‘, 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
PST 
PST 
PST 

Analyte’ 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Zinc 
SEM:AVS 
1,6,7-Trimethylnaphthalen 
I-Methylnaphthalene 
I-Methylphenanthrene 
2,6-Dimethylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 
LMW PAHs 
HMW PAHs 
Total PAHs 
Total PCBs 
&l&in 
Hexachlorobenzene 
Vlirex 
o,p’-DDE 
o,p’-DDE 

15.00 I .22E-03 1.00 1.01 E-04 
0 

‘I 15.00 0.67 1 .oo 0.38 

iI 15.00 0.64 1.00 0.79 
15.00 3.38 3.38 2.58 
15.00 2.87 2.87 3.41 2.87 

!. 
15.00 6.22 6.22 5.99 
15.00 0.11 1 .oo 1.78 1.00 
15.00 1.91E-05 1 .oo j.72E-06 
15.00 2.83E-06 1 .oo I .46E-06 

I’ 15.00 6.14E-03 1.00 0.01 
15.00 0.02 1.00 0.40 
15.00 0.02 1 .oo 0.04 - I= - 

PW-HQ=Porewater Hazard Quotient, ELU-HQ=Elutriate Hazard Quotient. 

1 - NOEQ = No Observable Effect Quotient = greater of 95% Upper Confidence Limit (UCL) HQ or 1. 

2 - SEM-AVS expressed as umol/g dry wt. sediment (benchmark from USEPA, 1996). 

3- Porewater Hazard Quotients: from Table A-3.2; segregated by amphipod survival results, see Tables A-3.3A (no toxicity) and A-3.3B (toxicity); 

4 - If Max PW-HQ>NOEQ, AQ BED-NOEQ = NOEQ 

- 
T- Bedded Sediment 

Non -7 

N 
0 

0 

0 

0 

0 

0 

0 

0 

0 

15.00 

0 

0 

0 

0 

15.00 

15.00 

15.00 

15.00 

15.00 

15.00 
0 
0 

-0xic Si 
35% UCI 

‘W-HQ: 

-0.67 

0.16 
3.60E-04 

0.84 
1.38 
0.73 
0.45 

0 
0 
0 

15.00 0.59 
15.00 0.45 
15.00 0.02 
15.00 1.23 

0 

lJ& 
AMP- 
r]OEC 

I: 

E L xposure (Amphipod SW ral) 
Toxic Sa m 

Max. I 
N PW-HQ: 3 . 

0 I 

---I- 

0 
0 
0 

5.00 -11.10 

1.00 0.16 
1 .oo I .27E-04 
1 .oo 0.87 
1.38 1.21 
1.00 0.83 
1.00 0.58 

0 

0 

0 

0 

0 

2.00 
0 
0 
0 
0 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

0 
0 
0 
0 
0 

2.00 
2.00 
2.00 
2.00 

0 
2.00 

0 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 - 

1.00 0.64 
1 .oo 0.56 
1 .oo 0.01 
1.23 0.87 

pies 

vlax. PW-HC 

’ NOEQ: 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
NO 

YES 
NO 
NO 
NO 
NO 
NO 

\&BE1 

JOEQ 



Table 58. Distribution of toxic and non-toxic aquatic Hazard Quotients and derivation of No Observable Effect Quotients for the aquatic receptors 
exposed to CoC via bedded and resuspended sediment aquatic exposure pathways for the Derecktor ShipyardKoddington Cove study area. 

RESUSPENDED SEDIMENT 
I 

IL 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
PST 
PST 

Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Zinc 
SEM:AVS 
1,6,7-T~melhylnaphthale 
1-Methyinaphthalene 
I-Methylphenanthrene 
2,6-Dimethylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fiuoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
Chrysene 
Dibenz(a.h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3xd)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 
LMW PAHs 
HMW PAHs 
Total PAHs 
Total PCBs 
Aldrin 
Hexachlorobenzene 
Mirex 
o,p’-DDE 

IlPST /p,p’-DDE 

PW-HQ=Porewater Hazard Quotient, ELI 
1 - NOEQ = No Observable Effect Quotie 

Resusper 

Non-Toxic ! 
N gwouci 

ELU-HO 
9.00 0.84 
9.w 0.01 
9.00 B.OOE-O? 
9.00 0.58 
900 1.29 
9.00 4.00 
9.00 0.48 
9.00 0.27 
9.00 0.05 

17.w 1.06 
0 
0 
0 
0 

9.00 7.34E-03 
11.00 6.53E-0.5 
11 .W 8.44E-03 
IO.09 0.04 
1O.W 0.23 
11.00 0.29 

0 
0 
0 
0 
0 

9.00 0.08 
11.00 3.69 
11.00 1.87E-03 
11.00 0.04 

0 
9.00 1.57B05 

0 
11.00 0.01 
11.00 0.19 
11.00 0.09 
Il.00 4.44 
l1.W 4.54 
II.00 1.43 
II .OO 9.05B03 
It.00 6.58E-05 
11.00 0.32 
I1.W 2.48 
II.00 0.48 

iQ=Elutriate Hi 
= greater of 954 

= 
idr 

-r 
. F 
3 

- 
?d St 

ijig 

IOEC 

1.00 
1.00 
1.00 
1.00 
1.29 

1.00 
1.00 
1.00 
1.06 

1 .oo 
100 
1.00 
1.00 
1.00 
1 .oo 

1 .oo 
3.69 
1 .oo 
loo 

1 .oo 

1.00 
1.00 
1.00 
4.44 
4.54 
1.43 
1.00 
1.00 
1.00 
2.48 
1 .oo - 
d Quc 

PPer t 

= 

nt - 

i 

-L - 

- 
(Sea 

oxic ( 2 
Max. 
:LU-HC - 

i- - 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

:hin 
nples 
lax. EL&HI 

’ NOEQl 

- 
Ition) 

‘ER? 
\lOEC 

Resusper 
Non-Toxic 
i-pi& 

ELU-H( 
2.00 1.12 
2.00 0.01 
2.00 E.WE-C 
2.00 0.43 
2.w 1.06 
2.00 4.00 
2.00 0.48 
2.00 0.27 
2.00 0.05 
6.00 1.70 

0 
0 
0 
0 

2.00 6.57E-C 
3.00 3.45E-C 
3.00 0.01 
2.00 0.05 
2.00 0.19 
3.00 0.28 

0 
0 
0 
0 
0 

2.w 0.06 
3.00 6.84 
3.00 1.19E.0 
3.00 0.04 

0 
2.00 1.55E-0 

0 
3.00 0.01 
3.00 044 
3.00 0.08 
3.00 7.32 
3.w 7.31 
3.00 2.31 
3.00 9.82E-0 
3.00 2.45E-0 
3.w 060 
3.00 2.60 
1.00 0.59 

13 
16 

3 
4 

i=z - 
n& 
IOEC 

1.12 
1.00 
1.00 
I.00 
1.06 
4.00 
1.00 
1.00 
1 .oo 
1.70 

1 .oo 
1 .oo 
1.w 
1.w 
I.00 
1 .oo 

l.w 
6.a4 
1.W 
1.00 

1.00 

1.00 
1 .oo 
1 .oo 
7.32 
7.37 
2.31 
1 .oo 
1 .oo 
1 .oo 
2.80 
1.00 n 

- 
lent (Sea 1 

Toxic : 
N/Maxi 

ELU-HC 
7.00 2.11 
7.00 0.01 
7.00 E.OOE-0 
7.00 1.76 
7.00 1.67 
7.00 4.00 
7.00 0.48 
7.00 0.27 
7.00 0.05 
8.00 1.51 

0 
0 
0 
0 

7.00 0.01 
8.00 3.9OE-O! 
3.00 0.03 
8.00 0.16 
B.W 0.71 
5.00 0.97 

0 
0 
0 
0 
0 

7.00 0.33 
3.00 6.84 
3.00 7.36E.0: 
3.00 0.18 
0 

7.00 2.36BO! 
0 

3.00 0.04 
3.00 0.49 
1.00 0.39 
mo a.37 
3.w 8.46 
1.00 2.59 
5.00 9.82B0: 
I.00 2.45E-04 
ml 0.71 
1.00 3.52 
1.00 0.71 

idence Limit (UCL) HQ or 1 

2 - SEM-AVS expressed relative to 5 pmollg dry wt. sediment benchmark (from USEPA, 1996). 

3. Elutriate Hazard Quotients: from Table A-4.2. segregated by sea urchin fertilization results, see Table A-4.3A (no toxicity) and Table A-4.38 (toxicity); 
for sea urchin larval dev&pen! (&!ria!er), see Tob!es ,+A Ad I-- +-yx** --> *.* *O “-..:-‘L > I. 1. , ,..” .IIm**.JI, clll” ?a .,..eY ,L”A1L”y,. 

4A - If Max FERT ELU-HQ > NOEQ, FERT NOEQ q NOEQ. 

48 - If Max DEV ELU-HQ 7 NOEQ, DEV NOEQ = NOEQ. 

5 -Aquatic NOEQ = minimum of TEST-specific NOEQs. 

6 - SEM concentration used; AVS assumed = 0 in resuspended sediment. 

iin Devel 

nples 
lax. ELU-Ht 

* NOEQ: 
YES 
NO 
NO 

YES 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

YES 
YES 
YES 
NO 
NO 
NO 

YES 

NO 

- 
nent: 

lEV4 
10E( - 

1.12 

- 

Cl ELL 

10E( 
1.12 

1 .oo 1 .oo 
1.06 106 

7.32 7.32 
7 37 7.37 
2.31 2.31 

2.80 2 80 



Table 6. Derivation of Aquatic Reference Screening Values based on concentrations for selected contaminants in porewater’ 
and elutriates from Narragansett Bay reference locations. 

POREWATERS 

r=r=i== 

MET Copper ELU 

MET Lead ELU 

PAH HMW PAHs ELU 

PAH Total PAHs ELU 

PC0 Total PCBs ELU 

llgg$gg-+ 
Missing PW values indicate o 

6 
i, 
0 

z 
0.07 

1.79 
- 
ers re 

- 
0 
f 

ii is 
d d 
0 0 

7 7 
3.63E-0: 3 
I .59Edl 1; !.92E-01 

1.47 I 3.73 
- . I 
ovea nom the F 

- 

1 1 

E 

0.03 

.44E-0 

4.01 
- 
V talc 

z i, 0 
0.07 

'07E-04 

6.09 
- 
tion. 

..67E-04 3.5EE-05 6.71~~O! 

18.30 

1.25 1.25 

l-r-r 13.20 13.20 

209 209 

237 237 

48.37 48.37 

3.59 

3.79 1 3.84 1 3.57 ) 1.66 

.rtliers are defined as values gre 

5 
% 7 

0.04 

l.O6E-01 

3.18 
- 
:r than 

- 

1 

z 

l.l2E-04 7.54E-O! 

L 0.61 3.55 2.55 

- 

s 
, , 

L - 

5 cj 
2 

0.01 

'.62E-0 

1.48 
- 

ie mean + 2 standard deviation: 

3 
8 

a 
1.08 

0.81 

fthel 

7%-l%- 
sn for all data. 

- 

1 

- 

Only one sample was available for ELU data; hence no outlier analysis was performed. 

I-Porewater concentration @g/L) = sediment concentration/(foc X Koc). See Table A-l for Koc values, 

foe = %TOC/l 00. 

Data Sources: SAIC, 1996 (JSCIPCC -Allen Harbor ERA reference locations), Appendix A-l-l (sediment concentrations) and A-l-3 (porewater concentrations); 

SAIC and URI, 1997a (JCC - McAllister Point ERA reference location), Appendix A-l-l-l (sediment organic chemistry), A-1-2-1 (sediment metals chemistry), 

and A-l-2-3 (porewater metals chemistry); 

SAIC and URI, 1997b (JPC/CHC - Derecktor Shipyard ERA reference locations), Appendix A-l-l (sediment chemistry) and A-l-2 (elutriate chemistry). 

2 - List includes analytes for which NOEQs were developed; see Table 5A (PW) and Table 5B (ELU). 

3 - Aquatic Reference Screening Value (RSV) calculated as 95% Upper Confidence Limit based on sample size as follows: 

Mean + (to,9,5(d~)*(STDEV/(SQRT(n))); where STDEV=standard deviation; n=sample size; 

fo.,,,(df) = sample size-dependent percentage points of the f distribution, (Ott, 1993). 

4 - Koc for Aroclor 1254 assumed for Total PCBs (see Table A-l). 

Mean 

0.15 

.40E-04 

18.30 

1.25 

13.20 

209 

237 

48.37 

3.59 

2.81 
- 

95% Aquatic -I- UCL RSV3 

0.19 0.34 

.39E-05 1.94E-02 

I 



Table 7. Derivation of Threshold Effects Values (TEVs) for bedded (PW) and resuspended (ELU) 

aquatic exposure pathways in the Derecktor ShipyardKoddington Cove study area. 

1 Cower 
Lead 
HMW PAHs 
Total PAHs 
Total PCBs 
o,p’-DDE 

c 
PW=Porewater, ELU=Elutnate. 

Exposure 

Pathway’ 
PW 
PW 
ELU 
ELU 
ELU 
ELU 
ELU 
ELU 
ELU 

. . 

- 

Aquatic NOEC3+ 
NOEQ2 hw 

2.87 0.82 
1 .oo 0.03 
1.12 40.40 
1 .oo 2.90 
1.06. 9.00 
7.32 2.09 
7.37 37.51 
2.31 0.07 
2.80 2.80E-03 

Aquatic RSV4 Aquatic TE!f 

WL) h%l~L) 
0.34 0.82 

l.Q4E-04 0.03 
18.30 40.40 
1.25 2.90 

13.20 13.20 
0.21 2.09 
0.24 37.51 
0.05 0.07 

3.59E-03 3.59E-03 

L-coc?6 

yes 
yes 
yes 
yes 
yes 
no 
no 

yes 

yes 

NOEQ=No Observable Effect Quotient; WQSV=Water Quality Screening Value; NOEC=No Observable Effect 
Concentration; RSV=Reference Screening Value; TEV=Toxicity Effect Value. 
1 - List includes analytes for which Aquatic NOEQs were developed; see Table 5. 
2 - Aquatic NOEQ = minimum of exposure pathway-specific NOEQs; see Table 5. 
3 - NOEC = Aquatic NOEQ x WQSV (Table 4). 
4 - RSV = reference data compiled by SAIC (Table 6). 
5 - Aquatic TEV is the greater of the NOEC and RSV. 
6- L-CoC = Limiting CoC; see Table A-5 for L-CoC derivation. 



c 

a 
II 

1 
II 

PC
C

W
IM

FS
TP

 
-7

 



Table 9. Derivation of Threshold Effects Values for the avian predator exposure pathway in the Derecktor 

ShipyardKoddington Cove study area. 

:lass Analyte’ 
detals Arsenic 

Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Silver 
Zinc 

'CBS Total PCBs 
-i-l\ ,--T..\,:~:~., n-r ^r^- ̂ ^ 

Maximum 

TRV-HQ* 
3.50 
1.02 
1.84 
3.24 
1.87 
1.19 
6.16 
5.96 
13.50 

,a,..- 

Avian Predator TRV3 
(mg/kg dry tiss. wt.) 

8.18 
1.83 
1.72 

60.71 
3.11 
0.38 
1.11 

Avian Predator RSV4 Avian Predator TEV’ 
(mg/kg dry tiss. wt.) (mg/kg dry tiss. wt.) 

14.96 14.96 
0.60 
3.08 
16.54 
0.72 
0.16 
1.41 

1.83 
3.08 

60.71 
3.11 
0.38 
1.41 

L-COC?” 

no 
no 
no 
yes 
yes 
no 
yes 
yes 
yes 

28.77 
0.29 

124 
0.77 

124 
0.77 

1 - Analytes identified in Table 8. 

2 - Maximum TRV-HQ=maximum Hazard Quotient observed for any prey-receptor combination in the Derecktor Shipyardlcoddington Cove 

study area; see Appendix A-2-4 in Final Derecktor Shipyard Marine ERA (SAIC and URI, 199713). 

3 - TRV = minimum of receptor-specific TRV; see Table 6.3-2 in Final Derecktor Shipyard Marine ERA (SAIC and URI, 1997b). 

4 - Avian Predator Reference Screening Value (RSV) ; see Table 8. 

5 - Avian Threshold Effects Value (TEV); selected as greater of TRV and RSV. 

6- L-CoC = Limiting CoC; see Table A-6 for L-CoC derivation. 



Table IO. Summary of exposure parameter values used 
in the Derecktor Shinvard/Coddinoton Cove studv area. 

in estimating cot exposures via shellfish consumption by subsistence fishermen 

I-J -.. -.. - ---“‘Y‘-” - - _ - ----‘, -’ --. 

Parameter 

Global variables 
Body Weight (kg) 

- Shellfishing 
Exposure Duration (yr) 

- Shellfishing and Residential (yr) 

RME Value 

70.00 

30.00 

Rationale 

Average of adults between 18-65 years of age. 

Median and upper-bound time at one residence, adults. 

Reference 

USEPA 1994 

USEPA 1994 

4 veraging Time (days) 

- Cancer risks 25550 
- Noncancer risks 

Shellfishing and Residential 10950 
4elative Absorption Factors 

- Ingestion of shellfish 
vocs 1 .oo 
PAHs 1 .oo 
PCBs 0.30 
Pesticides 0.30 
lnorganics 1 .oo 
Lead 0.30 

Consumption of Locally-Caught Shellfish Scenario 
Exposure Frequency (day/yr) 350 
ngestion Rate (g/day) 15.60 

‘raction of Ingested Shellfish 

laugh t Locally 1 .oo 

Based on 70 year life expectancy. 

Based on exposure duration. 

Pesticides in this study are considered high sorption (logKow=5.89-6.89). 

Assumes two weeks vacation. 
Based on 150 g shellfish per serving and 36.5 servings of shellfish 
per year. 
Conservative assumption in absence of site-specific data. 

USEPA 1989b 

USEPA 1989b 

USEPA 1989b 

USEPA 1994 
USEPA 1994; 

Rupp et al. (1980) 
BPJ 

NOTES: 
RME: Reasonable Maximum Exposure. 
BPJ: Best professional judgment. 



Table II. Toxicity values for Chemicals of Concern in shellfish tissue for the Derecktor Shipyard/Coddington Cove study area. 

Class Analyte 

MET Arsenic 

PAH Benzo(a)anthracene 

PAH Benzo(a)pyrene 

PAH Dibenz(a,h)anthracene 

PAH Indeno(l,2,3-cd)pyrene 

IPCB (Total PCBs 

Cancer Slope Factor (SF)’ 

(mg CoC/kg body wt-day-‘) 
lnaestion 

1.50 
0.73 
7.30 
7.30 
0.73 
2.00 

Non-cancer Chronic 

Reference Dose (RfD)lY3 

(mg CoClkg body wt-day-‘) 
Ingestion 

3.00E-04 

Cancer Slope Factors for all carcinogenic PAHs were set equal to the most toxic PAH, Benzo(a)pyrene. 

1 - Original source for SF and RfD values from IRIS database (USEPA, 1997). 

2 - Value adjusted in comparison to SF for benzo(a)pyrene; as per USEPA (1993) Provisional 

Guidance For Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons. 

3 - Missing values indicates this CoC is not a non-carcinogenic CoC. 



Table 12. Summary of risk-based concentration thresholds for CoCs in shellfish tissue for the Derecktor ShipyardLoddington Cove study area, 

P 

Class Analyte 

MET Arsenic 

PAH Benzo(a)anthracene 

PAH Benzo(a)pyrene 

PAH Dibenz(a,h)anthracene 

PAH Indeno( 1,2,3-cd)pyrene 

PCB Total PCBs 

1 - Assumes Reasonable Maximum Exposure scenario. 

Risk-based Concentration (mg CoC/kg wet tissue wt.)’ Human Health Risk- 

1 x 10T6 Cancer Risk2 1 x 10e4 Cancer Risk2 HQ = 1 Non-cancer Risk3t4 Based Value (RBI@ 
7.28E-03 0.73 1.40 0.05 

0.01 1.50 0.11 
1.50E-03 0.15 0.01 
1.50E-03 0.15 0.01 

0.01 1 so 0.11 
0.18 18.20 I .30 

Benchmarks calculated for CoCs with > 1 x10-6 cancer risk or HQ>l .O non-cancer risk for HH ERA under RME exposure scenario. 

2 - Derived using Equation 2 in Section 2.4.3 of text. 

3 - Derived using Equation 1 in Section 2.4.3 of text. 

4 - Missing values indicates this CoC is not a non-carcinogenic CoC in shellfish tissue under RME conditions based on baseline human 

health risk assessment results. 
5 - Human Health Risk-based Value (RBV); minimum of risk-based RME values for carcinogenic and non-carcinogenic CoCs. 

Units: mg CoC/kg dry wt. tissue. Value converted to dry weight units dry wt=wet wt/% solids content (Table A-2.3). 



Table 13. Derivation of Human Health Reference Screening Values based on concentrations of selected contaminants

in tissues of shellfish harvested from lower Narragansett Bay for consumption by subsistence fishermen.

a.. en
a.. ::l
:c ~ 0m m 0 0 z

~
llJ 0 0 u U llJ Z Z U

llJ $ -7 -7 Ji= Ji= ~ 0 ~ ~ u u :c
~

llJ
-7 ~ 0, :c :c

Human.. Ci
~

~ .. ~~ ~ 0 ~ en ~ ~ ~ ~

~

0
~ "T 0 0 ,

0 0
,

0 0 0
, 0 u u Health, :c :c u u () u u uClass Analyte1 0 u u u u a.. a.. a.. a.. en Mean RSV2u U u ..., ..., ..., ..., ..., ..., -, ..., ..., a.. a..

MET Arsenic 11.30 19.30 4.68 21.68 19.77 19.82 6.77 19.43 7.73 11.04 5.91 10.44 17.66 13.50 17.27
PAH Benzo(a)anthracene 3.57 3.18 47.31 3.36 120 0.90 3.36 0.75 15.80 3.36 10.53 26.48 1.83 1.91 1.13 8.82 16.46
PAH Benzo(a)pyrene 1.60 2.62 31.00 3.62 51.92 4.90 4.00 1.23 7.81 3.62 4.20 8.00 1.33 1.54 1.26 5.48 9.91
PAH Dibenz(a,h)anthracene 0.79 1.12 0.49 0.49 0.49 0.49 0.49 0.18 0.49 0.49 0.49 0.49 1.30 1.05 1.40 0.68 0.88
PAH Indeno(1,2,3-cd)pyrene 4.07 4.96 15.51 1.54 41.42 0.10 2.00 1.65 1.54 1.54 1.54 1.54 0.53 2.10 0.99 2.83 5.06
PCB Total PCBs 53.54 389 461 4210 106 91.43 37.73 565 397 204 267 50.96 120 68.11 216 325

Units: metals unlts=lJg/g dry tissue weIght; organlcs=ng/g dry tissue weight.
HC=hard clams, PM=Pitar morrhuana , MM=Mercenalia mercenalia , ND=non-depurated, LOB=lobster, MUS=lobster muscle,
HPP=lobster hepatopancreas, IBM=indigenous blue mussel.
Data Sources: JSC/PCC = Allen Harbor ERA reference locations (SAIC, 1996, Appendix Tables A-1-2 (tissue data));
JCC = McAllister Point ERA reference location (SAIC and URI, 1997a, Appendix A-1-1-2 (tissue organic data) and A-1-2-2 (tissue metals data));
JPC/CHC = Derecktor Shipyard ERA reference locations (SAIC and URI,1 997b, Appendix Tables A-1-3 (tissue data)).
TRC, 1994 (C1 - NETC reference location).
1 - List includes CoCs for which RBVs were developed; see Table 12.
2 - Human Health Reference Screening Value (RSV) calculated as 95% Upper Confidence Limit based on sample size as follows:

Mean + (t o975(df)*(STDEV/(SQRT(n ))); where STDEV=standard deViation; n=sample size;

tO.975(df) = sample size-dependent percentage points of the t distribution (Ott, 1993).



Table 14. Derivation of Threshold Effects Values for the human health exposure pathway in the 

Derecktor ShipyardKoddington Cove study area. 

Class 
Metals 

PCBs 

Analyte 
Arsenic 
Benzo(a)anthracene 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 
Total PCBs 

1 - Human Health Risk-based Value (RB 
2 - Human Health Reference Screening Value (RN), see Table 13. 
3 - Human Health Threshold Effects Values (TEV) = greater of RBV and RSV. 
4 - L-CoC = Limiting CoC; see Table A-7 for L-CoC derivation. 

Human Health RBV’ Human Health RSV’ 1 Human Health TEV3 1 

(mglkg dry tiss. wt) (mg/kg dry tiss. wt) (mglkg dry tiss. wt) L-COC?~ 
0.05 17.27 17.27 yes 
0.11 
0.01 
0.01 
0.11 
1.30 

); see Table 12. 

0.02 
9.91 E-03 
8.83E-04 
5.06E-03 

0.33 

0.11 
0.01 
0.01 
0.11 
1.30 

no 

yes 
no 
no 
no 
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Table 16. Summary of Preliminary Remediation Goals (PRGs) for aquatic, avian predator, human health, 
and combined exposure pathways for the Derecktor ShipyardKoddington Cove study area. 

Preliminary Remediation Goal’ 

Class Analyte* 

MET Arsenic 

Aquatic-Bedded3A 
Aquatic- 

Resuspended3s 
Avian Predator4 Human Health5 Combined Pathway 

HQ=l 1 RPRG 
I 

HQ=l ( RPRG HQ=l RPRG 1 HQ=l 1 RPRG 
24.63 1 NR 17.09 NR 1 19.74 1 NR 

--y--pF$-- 

MET Copper 73.74 
MET Lead 83.94 

MET Silver 

MET Zinc 

PAH Benzo(a)pyrene 

PAH HMW PAHs 6951 13903 

PCB Total PCBs 1638 1638 530 
PST o,p’-DDE 9.06 

RPRG - Recommended Preliminary Remediation Goal 

NR 184 
168 622000 

2342 
118 

1060 92.82 
NR L 

NR 
NR 
NR 
NR 

53.92 539 

NR 
I I 

73.74 NR 
83.94 168 
2342 NR 
118 NR 

53.92 539 
695’1 13903 
92.8:2 1060 
9.06 1 NR 

- 

NR - Not Recommended 
1 - Pathway-specific PRGs expressed in concentration units for use during remediation 

PAHs, PCBs, pesticides: units = rig/g dry weight sediment 
metals: units = ug/g dry weight sediment 

2 - List includes only limiting CoCs, i.e., CoCs with maximum TEV-HQs by station and pathway (Table 15). 

3A - Aquatic Bedded PRG at HQ=l calculated as the mean (TEV*[Sed])/[PW]; 
REC = 2 x PRG at HQ = I; adjusted to reduce risk to CoC exposure in bedded sediment of high risk areas. See text in Section 3.3. 

38 - Aquatic Resuspended sediment PRG at HQ=l calculated as the mean (TEV*[Sed])/[Elutriate]). 
REC = 2 x PRG at HQ = 1; adjusted to reduce risk to CoC exposure during sediment resuspension in high risk areas, See text in Section 3.3. 

4 - Avian predator PRG (at HQ=l) for organics calculated as [%TOCav9 x ((Avian TEV*lOOO)/%lipid,,))/BSAF]; 

For Metals, PRG cont. = [Avian TEVIBAF]. 
REC = NR; due to low risk and lack of probable exposure. See text Section 3.3. 

5 - For PCBs, PRG (rig/g dry wt. sediment) = [%TOC,, x ((Human Health TEV)*(lOOO/%lipid,))/BSAF]; 

For metals, PRG,(ug/g dry wt. sediment) = ((Human Health TEV)/BAF). 

REC=lOx PRG at HQ=l; adjusted for site usage ratio to address risk above HQ=10/1x10~5. See text Section 3.3. 

Data Sources: 
- see Table 7 for Aquatic TEV concentrations @g/L); 

- see Table 9 for Avian Predator TEV concentrations (mg/kg dry weight); 
- see Table 14 for Human Health TEV concentrations (mg/kg wet tissue weight); 
- see Table 15 for maximum of pathway-specific TEV-HQ values; 
- see Table A8 for calculation of mean aquatic bedded and resuspended pathway PRGs from station-specific PRGs; 

- site average %lipid = 4.59, see Table A-2.3 for derivation; 
- site average %TOC = 2.78, see Table A-2.1A for derivation; 
- site average BAF for arsenic = 0.875; see Derecktor Shipyard ERA Figure 6.3-3; 
- site average BAF for copper = 0.33; see Derecktor Shipyard ERA Figure 6.3-3; 
- site average BAF for lead = 5.OE-6; see Derecktor Shipyard ERA Figure 6.3-3; 
- site average BAF for silver = 0.0006; see Derecktor Shipyard ERA Figure 6.3-3; 
- site average BAF for zinc = 1.05; see Derecktor Shipyard ERA Figure 6.3-3; 

- site average BSAF for pesticides = 3.85; see Derecktor Shipyard ERA Figure 6.3-2; 
- site average BSAF for PCBs = 5.00; see Derecktor Shipyard ERA Figure 6.3-2; 
- site average BSAF for PAHs = 0.12; see Derecktor Shipyard ERA Figure 6.3-2. 



Table A-l. Summary of Kow and Koc values used in calculations of organic contaminant 
concentrations in porewaters by equilibrium partitioning. 

:lass Analyte CAS No. Full Analyte Name LWm&w Source’ Log,oKoc’ KQC 

ET As Arsenic NA 

Cd Cadmium NA 

CX Chromium NA 

CU copper NA 

Pb Lead NA 

W Mercury NA 

Ni Nickel NA 

As Silver NA 

Zn Zinc NA 

SEM:AVS SEM-AVS NA 

AH Ti67NAP 2245387 1,6,7-Trimethylnaphthalene 4.61 b 4.53 34034 

MINAPH 90120 I-Methylnaphthalene 3.97 b 3.90 7994 
MIPHEN 832699 . I-Methylphenanthrene 5.08 b 4.99 98610 

DZSNAPH 581420 2,dDimethylnaphthalene 4.61 b 4.53 34034 

M2NAPH 91576 Z-Methylnaphthalene 3.97 b 3.90 7994 

ACENAPH a3329 Acenaphthene 3.92 a 3.85 7139 

ACENAPL 208968 Acenaphthylene 4.05 b 3.98 9581 

ANTHRAC 120127 Anthracene 4.55 a 4.47 29712 

BENAAN 56553 Benzo(a)anthracene 5.70 a 5.60 401218 

BENAPYR 50328 Benzo(a)pyrene 6.11 a 6.01 1014869 

BENBFLU 205992 Benzo(b)fluoranthene 6.20 a 6.09 1244171 

BENEPYR 192972 Benzo(e)pyrene 6.11 b 6.01 1014869 

BGHIPER 191242 Benzo(g,h,i)perylene 6.70 a 6.59 3858158 

BENKFLU 207089 Benzo(k)fluoranthene 6.20 a 6.09 1244171 

BIPHEN 92524 Biphenyl 3.96 a 3.89 7816 

CHRYSEN 2laol9 Chrysene 5.70 a 5.60 401218 

DBAHANT 53703 Dibenz(a,h)anthracene 6.69 a 6.58 3771812 

FLUORAN 206440 Fluoranthene 512 a 5.03 107954 

FLUOREN a6737 FlUOrelle 4.21 a 4.14 13763 

1123CDP 193395 Indeno(l,2,3-cd)pyrene 6.65 a 6.54 3445323 

NAPH 91203 Naphthalene 3.36 a 3.30 2010 

PERYL 198550 Perylene 6.05 b 5.95 a85992 

PHENAN a5018 Phenanthrene 4.55 a 4.47 29712 

PYRENE 129000 Pyrene 5.11 a 5.02 105538 

LMWPAH NA Low Molecular Weight PAH 4.09 c 4 02 10489 

HMWPAH NA High Molecular Weight PAH 5.58 c 5.78 596218 

TOTPAH NA Total PAH? 4.98 c 4.90 79082 
CB PCBIOI 37680732 101 (2 2’3 5 5’) 6.38 b 6.27 1869907 

PCBIOB 32598144 105(233’44’) 6.65 b 6.54 3445323 
PCBIIB 31508006 118 (23’4 4’5) 6.74 b 6.63 4223767 

PCBl28 39380073 128 (2 2’3 3’4 4’) 6.74 b 6.63 4223767 

PCB138 35065282 138 (2 2’3 4 4’5) 6.83 b 6.71 5178095 

PC6153 35065271 153 (2 2’4 4’5 5’) 6.92 b 6.80 6348045 

PCBl70 35065306 170 (2 2’3 3’4 4’5) 7.27 b 7.15 1401812; 

PCBIB 37680652 la (2 2’5) 5.24 b 5.15 141645 

PCBISO 35065293 180 (2 2’3 4 4’5 5’) 7.36 b 7.24 1718541~ 

PCBl87 52663680 la7 (2 2’3 4’5 5’6) 7.17 b 7.05 1117866; 

PCBl95 52663782 195 (2 2’3 3’4 4’5 6) 7.56 b 7.43 2702464: 

PC8206 40186729 206 (2 ‘2’3 3’4 4’5 56) 8.09 b 7.95 89691231 

PCB209 2051243 209 (2 2’3 3’4 4’5 5’6 6’) 8.18 b 8.04 10995627 

PC828 7012375 28 (2 4 4’) 5.67 b 5.57 374878 
PCB44 41464395 44 (2 2’3 3) 5.75 b 5.65 449293 

PC852 35693993 52 (2 2’5 5) 5.84 b 5.74 550808 

PCB66 32598100 66 (2 3’4 4’) 6.20 b 6.09 1244171 

PCB8 34883437 8 (2 4) 5.07 b 4.98 96403 

TOTPCB NA Total PCS? 6.54 b 6.43 2685963 

ST ALDRIN 309002 Aldrin 6.50 a 6.39 2453466 

HCB 118741 Hexachlorobenzene 5.89 a 5.79 616808 

MIREX 2385855 Mirex 6.89 a 6.77 5931301 

DDE-OP 3424826 o,p’-DDE 676 a 6.65 4419366 

DDE-PP 72559 p,p’-DDE 6.76 a 6.65 4419366 

I - Literature swrce of LogloKm values: 

a - Karickhoff and Long, 1995. 

b Karickhoff ef al., 1989. 
c-Calculated value 

2 - logIOKoc = 0.00028 + 0.9a3*iog~&w; Karickhoff et al., 1989. 

3 - LMW PAH = ten 2-ring &3&g PAHs; HMW-PAH = eight Cring and B-ring PAHs; Total PAH = sum of LMW and HMW PAHs (NOM, ,991) 

LMW PAH, HMW PAH Kow = median of analyte specific Kow, Total PAH Kow = mean of LMW, HMW PAH Kow 
4 sum of congeners X 2 

NA= not applicable 



Table A-2.1A. Concentrations of chemical contaminants in surface sediment (O-l 5 cm) collected in the Derecktor ShipyardKoddington Cove study area. 

RA investigation. 

z 

/Cadmium 

4Hs 

copper 
Lead 
Mercury 
Nickel 

Silver 
Zinc 
SEM-AVS 
1.6,7-Trtmethylnaphthalene 
I-Methylnaphthalene 
I-Methylphenanthrene 
2.6.Dimethylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benro(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
Chrysene 
Dibenz(a.h)anthracene 
Fluoranthene 
Fluorene 
tndeno(l,2,3cd)pyrene 
Naphthalene 
Perylene 
Phenanthrene 

Pyrene 
Low Molecular Weight PAHs 

High Molecular Weight PAHs 
SumofPAHs 

6.19 
10.93 
52.56 
27.20 
11.22 
41.74 
75.65 

302 
32% 
396 

4.34 
7.83 

43.54 
la.65 

13.86 
12.21 
93.84 
26% 
51% 

7.89 2.04 
17.57 5.11 
51.57 8.8% 
43.59 9.91 
32.0% 9.66 
14.29 3.31 

131 11.65 
298 31.49 

4.43 
12.70 
18.31 
9.56 

24.22 
8.55 

28.68 

4.66 0.45 
9.41 1.27 

38.26 2.22 

17.33 2.36 
16.39 2.01 

16.20 1.71 
95.65 0.77 

234 11.10 

434 

7.87 8.41 27.94 19.25 7.90 
20.47 19.85 50.07 55.11 20.42 
61.44 38.57 267 114 32.53 
38.46 34.23 112 70.71 34.64 
32.72 43.87 73.47 88.19 36.86 

23.89 17.27 189 197 17.14 

142 74.63 300 91.94 71.00 
383 183 1220 456 200 

809 294 2700 697 281 
924 377 2380 812 421 

36% 50.03 
495 67.85 

64.35 
101 
14% 

0.16 
0.37 
0.50 
1.69 
0.65 
0.23 
0.61 
1.60 
2.76 
4.14 

6.41 4.74 4.04 4.57 
16.71 12.63 9.17 9.27 
33.92 39.80 30.93 20.22 
46.60 18.82 18.31 14.31 
23.00 17.64 13.96 15.17 
11.00 7.41 6.53 10.15 
74.94 34.51 25.06 22.52 

158 141 94.02 77.19 
222 144 112 97.70 
319 164 120 143 

234 13.76 

317 18.55 

345 365 829 362 1950 773 401 417 63.45 141 5.02 275 140 112 126 333 19.44 
200 201 500 247 1110 452 215 287 50.33 97.60 4.12 195 126 94.65 96.67 184 12.1% 
877 999 2240 911 5350 1640 1040 1100 155 348 10.95 700 308 260 302 a36 47.26 
6.89 6.66 15.06 12.61 29.91 23.76 14.41 15.37 3.1% 6.42 0.42 10.50 5.79 5.70 5.64 6.02 0.66 
485 592 912 364 2800 716 399 491 56.7% 12% 3.63 267 154 107 120 444 20.65 

60.86 61.34 131 66.60 317 130 62.93 72.22 12.41 26.45 0.92 48.30 28.80 21.03 27.35 52.77 3.1% 
490 686 801 459 4970 1490 399 535 95.23 20% 7.22 345 262 230 216 779 37.83 

44.13 53.89 61.63 31.45 294 177 28.12 25.73 6.57 13.92 0.5% 18.02 9.74 6.42 14.73 19.09 2.09 
195 209 473 223 1020 39% 21% 264 45.31 93.27 3.15 17% 100 80.23 91.26 166 11.44 

17.98 16.16 41.75 37.54 76.06 136 45.30 42.67 10.87 22.27 0.66 34.06 26.8% 23.22 23.6% 21.00 1.84 
104 133 249 133 611 207 142 150 23.92 61.03 2.11 97.64 53.29 51.09 51.92 78.70 7.31 
283 317 335 220 1610 1270 216 182 46.16 110 3.69 136 83.10 67.14 116 304 20.16 
584 740 1950 650 5300 1750 846 917 107 250 6.45 482 362 254 227 1190 49.54 
597 539 82% 502 2639 1429 509 680 103 213 7.46 433 319 237 217 47% 26.49 

434% 5256 10153 430% 3011% 10334 4640 529% 776 1712 54.1% 3286 1926 1509 1615 4917 261 
4944 5795 10981 4809 32757 11763 5149 597% 879 1925 61.65 3719 2245 1746 1832 5395 28% 

xs TotalPCBs(Sum Congenersd) 93.61 98.24 3310 134 546 315 221 201 39.93 64.56 6.70 113 99.90 59.33 58.16 84.13 13.75 

:sttcides Aldrin 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Hexachlorobenzene 0.0% 0.12 0.12 0.06 0.16 0.0% 0.0% 0.0% 0.08 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.08 0.0% 
0.10 0.19 2.59 0.17 0.10 5.03 0.33 0.71 0.10 0.29 0.10 0.37 0.36 0.34 0.10 0.23 0.10 
0.10 1.52 65.22 1.67 4.96 5.66 3.63 0.26 0.63 0.90 0.26 0.25 0.10 0.10 0.71 1.07 0.40 

p:b'-DDE 0.87 0.61 7.00 2.03 6.29 4.44 1.95 2.3% 0.42 0.96 0.03 2.60 1.35 1.29 0.73 1.14 0.0% 

TOC 1 %TOC 1.78 1.47 3.72 4.01 6.00 3 79 3.84 3.57 1.66 3.18 0.61 3.54 2 21 3.07 2.55 1.47 0.81 

Tits: Metals=wglg; PAHs. PCBsand Pesticic :ns/g. Mean TOC%’ 
I-TOCvaluefor DSY-29 =averageforDSY-2Qand DSY-29FDsamples:see ERATable A-l-5.2. 2.78 

u-l 3 6 B b 0 7 Y ‘? ?J ? 9 4 ? 9 B s 
2 2 2 zi 

IT60 
i? n 2 24 2-l 25 is $ i is s 

2 5 
s 3 t 
n 5 

6.36 9.43 a.68 12.46 10.30 10.22 1:93 7039 956 3.39 11.21 ,?I 8.94 7.5% 6.79 11.43 
0.34 0.1% 1.03 0.55 1.45 1.20 0.76 0.72 0.19 0.32 0.09 0.40 0.32 0.25 0.1% 0.50 0.1% 

55.00 53.50 103 80.50 86.50 79.25 76.75 84.75 46.50 64.25 24.25 63.25 56.50 66.00 56.50 44.50 36.75 
23.50 39.25 166 71.75 15% 81.25 80.75 66.75 17.25 33.50 1.8% 54.00 27.00 28.00 20.00 29.75 9.25 
35.90 40.40 151 77.70 186 80.00 81.00 125 40.00 47.60 14.00 78.80 56.90 62.20 54.00 42.10 17.00 
0.13 0.14 0.59 0.32 0.50 0.47 0.40 0.37 0.13 0.15 0.07 0.3% 0.2% 0.26 0.15 0.19 0.02 

21.00 20.50 43.50 24.25 34.75 27.25 24.75 25.75 18.25 20.50 5.00 25.75 16.75 22.00 17.75 17.25 14.50 
0.26 0.19 0.69 0.51 0.79 0.74 0.51 0.81 0.24 0.29 0.07 0.56 0.39 0.16 0.26 0.21 0.07 
110 102 547 169 393 193 167 201 72.25 106 28.50 144 93.50 109 97.25 100 47.25 



Table A-2.1 B. Concentrations of chemical contaminants in surface sediment (O-2 cm) collected in the Derecktor ShipyardKoddington Cove study area. 
9 

I 
URI Investiaation’ 

0.20 0.15 1.00 0.12 0.22 0.21 0.17 0.19 0.65 0.07 0.31 0.23 0.04 1,60E-03 0.05 0.03 0.04 0.22 0.17 0.25 0.19 0.21 0.21 0.01 
95.99 152 195 64.79 106 109 79.30 103 65.30 60.85 132 114 56.46 60.54 72.28 55.45 57.34 107 105 99.23 142 106 98.85 71.90 
45.52 197 262 62.84 52.29 57.77 27.93 76.01 3.99 12.47 81.46 53.87 18.00 7.75 16.61 6.41 17.23 81.67 66.91 70.68 29.66 51.26 40.44 14.43 
35.39 181 201 51.35 43.30 46.58 31.70 50.60 14.66 22.13 46.08 45.99 35.20 26.04 42.03 31.53 32.90 60.23 57.62 76.01 41.83 52.53 54.10 3015 

38.60 85.28 128 37.41 38.35 40.64 37.41 40.24 33.90 31.42 168 40.40 16.87 0.16 10.13 4.44 5.90 25.36 22.79 23.07 7.91 25.28 23.20 11.74 
0.60 0.82 1.27 13.78 2.32 1.59 5.41 1.74 0.73 0.56 1.22 1.58 0.06 0.05 0.05 0.05 0.05 0.16 0.40 0.68 0.06 0.12 0.12 0.06 
149 593 1231 190 173 175 119 164 58.82 63.84 1104 161 80.48 67.60 63.13 48.32 71.29 163 130 158 175 143 141 96.08 

2.36 10.10 51.69 
6.84 0.50 9.71 

27.68 368 441 
6.56 7.55 23.04 

0 2.47 822 
18.26 63.47 193 
58.86 427 867 
201 1330 3360 
166 7380 10600 
164 3320 4710 
358 10100 9230 
273 5140 5600 

97.41 2070 3060 

0 
0 

15.40 
0 
0 
0 

89.27 
260 
414 
431 
646 
443 
272 
469 
0.62 
764 

93.38 
866 

25.15 

10.33 3.91 
1.75 0 

42.66 14.03 
3.35 0 
4.74 0 
12.70 18.16 
26.56 24.65 

129 203 
376 405 
402 486 
663 801 
404 452 
313 355 

4.02 
3.47 

34.59 
1.79 

0 
18.26 
26.05 

161 
277 
302 
399 
303 
233 
245 
1.66 
376 

52.05 
631 

53.56 

11.00 
0.12 

61.87 
1.89 
2.37 
il.93 
37.66 

161 
562 
481 
874 
407 
326 
294 

11.37 
624 
116 

0 
0 

4.33 
0 
0 
0 

2.74 
18.56 
34.55 
49.13 
67.28 
53.22 
19.41 
55.60 

0 
70.60 
14.96 
114 

466 

1.01 6.15 
0 10.97 

1.27 51.06 
0 12.33 

0.74 6.93 
2.29 20.69 
1.03 57.61 

17.37 254 
26.14 274 
38.47 206 
70.46 381 
40.07 257 
29.52 132 

0 
9.85 

21.94 
7.35 
0.96 
10.01 
95.69 
284 
185 
249 
438 
388 
226 
347 

13.32 
523 

35.93 
817 

46.75 
268 

12.71 
131 

0 1.61 
0 6.92 

59.60 4.16 
0 0.73 
0 11.32 
0 1.00 

1.99 8.33 
59.38 15.76 
26.21 40.13 
43.73 26.07 
80.42 34.34 
51 55 20.86 
41.20 32.57 

0 
0 

177 
0 
0 
0 
0 

257 
134 
245 
324 
221 
165 
230 

0 
444 

20.50 
464 

0 
143 

0 
130 
112 
406 
434 

3129 
3563 
54.84 

0 
0.06 

0 
1.57 

1.82 0 1.01 0 4.30 
2.36 0 0 0 0 

2119 82.13 226 311 421 
0.67 0 0 0 0 
1.46 0 0 0 0 
1.05 0 14.84 0 17.13 
2.78 32.21 167 0 64.60 
7.83 213 753 790 922 
14.48 168 898 399 1420 
11.76 311 1190 496 680 
20.17 477 1800 1050 1500 
11.44 265 1020 576 743 
13.71 183 563 260 260 

4.19 
14.95 
15.41 
3.04 

20.10 
7.12 

3023 
90.90 

196 
110 
159 

68.94 
134 

47.04 
5.62 
122 

43.90 
325 

29.36 

7.06 9.73 3.26 
76.68 35.72 10.62 
28.66 106 9.02 
1.18 5.39 3.48 

35.18 53.40 14.56 
10.79 21.57 2.20 
42.38 65.31 31.85 

130 166 38.28 
272 414 86.15 
162 239 54.52 
252 318 69.42 
146 167 38.08 
215 310 61.29 

4077 
6390 
1460 

13600 
859 

248 267 
11.03 6.90 
479 603 

85.16 69.00 
644 786 

4269 55.07 

2.04 0 6.02 
1336 165 147 
4800 217 224 
10100 710 516 
5856 391 293 

72956 5532 4526 
78812 5922 4816 

733 195 105 
0 0 0 

0.17 0 0 
0 0 0 

3.81 4.03 2.92 

818 
53.58 

3.82 0 3.53 
203 116 203 
264 365 309 
601 681 758 
332 307 398 

5336 4108 5856 
5668 4505 6252 
132 73.36 148 

0 0 0 
0 0 0.06 
0 0 0 

259 1.54 2.10 

0 
17.40 
41.14 
79.30 
30.51 
617 
647 

28.15 
0 
0 
0 

0.38 

Cadmium 
Chromium 
copper 
Lead 
MlXUPf 
Nickel 
Silver 

I ~k+vs 
AHs 

CBS 

1,6,7-Tdmethylnaphthalene 
I-Methytnaphthalene 
I-Methylphenanthrene 
2.6Dimethylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)Ruoranthene 
&llZO(~)Qy~~~~ 
Benzo(g,h,i)peryiene 
Benzo(k)fluoranthene 
Biphenyl 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
FlUOre!le 
Indeno(l,2,3-cd)pyrene 
Naphthalene 
P,@?XX 
Phenanthrene 
Pyrene 
LOW Molecular Weight PAHs 
High Molecular Weight PAHs 
SumofPAHs 
TotalPCBs(SumCongenersx2) 

224 2070 
5.01 12.61 
406 4960 

21.20 784 

24.16 
0 

47.47 
9.34 

245 
16.53 
536 

26.43 
1320 

130 
0 

140 
0.31 
117 

0 
36.45 

0 
41.60 
41.00 

113 
121 
873 
994 

22.32 
0 
0 
0 

0.75 

13.19 
1.65 

32.56 
1.50 

13.57 
3.62 

34.36 

243 
0 

367 
64.18 
477 

800 
9.37 
1460 
243 
1590 
92.44 
529 

0 
311 
627 
1640 
1266 

12660 
14126 

293 

791 2300 
0 0 

1170 1580 
30.28 56.60 
1830 5850 

0 216 
255 276 

0 9.13 
244 300 
550 1400 

75.13 116 
10.03 
234 
117 
627 

63.94 

106 
2.67 

57.86 
16.11 

9.36 
193 27.16 

11.72 
66.58 
8.40 

25.85 
5.15 
16.32 
52.73 
67.08 
65.32 
436 
501 

22.98 
0 
0 
0 

0.42 

63.36 
550 

78.14 
164 

15.99 
95.61 
546 
514 
437 

3271 
3708 
178 

0 
0.06 
0.28 
2.53 

1050 12000 
42.73 439 

04.27 
0.02 

224 
16.21 
45.89 
1.65 

26.20 
180 
106 
136 

1162 
1298 
25.87 

0 
0 
0 

0.30 

74.94 
132 

4.06 24.42 
9.44 143 99.85 1720 

0.27 1.97 
57.17 1050 

16.33 
1.90 

22.57 

99.71 
2.96 

226 
11.02 11.75 

95.53 
302 
990 
528 

4991 
5519 
658 

0 
0 
0 

8.71 

2.59 0 
12.63 00.70 
16.25 201 

54.42 
171 
373 
233 
1923 
2156 
92.31 

0 
0.24 
0.09 

118 
476 
823 
551 

4400 
4960 
150 
0 

1.47 
0.22 
1.58 

305 
704 

3900 
9390 

21.15 
03.02 

263 
723 41.29 400 

48.21 351 
1550 3820 
1110 1654 369 

4013 
4383 
67.58 

0 
0 
0 

0.96 

2662 
63094 
66656 

26.53 
536 
562 

11.73 
0 
0 
0 

0.74 

504 
4494 
4996 
176 
0 

0.06 
0 

2.43 

237 3418 
285 3769 
9.40 244 

0 0 
0 0.07 
0 0.17 
0 0.85 

9212 20406 
10322 22060 

217 367 
0 0.16 

0.10 0.12 
0.23 0.32 
2.39 6.26 

200 
0.06 
024 

0 
5.71 

0.09 
0.10 

estlcides Aldrin 
Hexachlorobenzene 
Mirex 
o,p'-DDE 

Ip,p'-DDE 
TOC I%TOC 

nits' Metals=fig/g; PAHs. PCBs and Pesticl 

0.39 
4.34 1.18 

0.16 3.13 13.61 0 1.75 2.12 3.56 1.62 0.76 3.46 1.45 2.51 0.63 0.40 1.20 0.36 0.44 0 1.79 0 0.76 2.02 3.71 0.47 
2.06 1.30 2.63 317 6.70 437 2.67 4.63 1.51 1.53 6.17 5.33 0.64 1.01 2.06 0.26 1.01 2.05 4.21 3.29 1.15 2.94 2.86 1.40 
q rig/g. 1 MeanTOC% 

1 . Quinn etal, (1994). ( 2.74 



Table A-2.1C. Concentrations of PCB congeners and calculation of Total PCBs in surface sediment (O-15 cm) collected in the 
Derecktor ShipyardKoddington Cove study area. 

C 
F 

3 e 5 3 ? 
k 

s 
2 

% ? 9 
5 2 5 5 % 2 5 

4 s s 
2 

b ? s 
ilass Analyte 5 2 si 5 

? s 
2 2 5 

'CBS PCBIOI 6.48 5.72 220 5.51 16.70 19.00 12.75 14.32 1.74 2.87 0.51 6.73 6.36 2.80 2.09 3.93 0.52 
PCB105 1.75 1.82 137 2.04 6.61 7.04 4.39 2.63 0.56 0.79 0.04 1.37 1.41 0.58 0.54 1.55 0.11 
PCB118 5.02 6.20 242 7.09 18.38 19.56 13.74 11.28 2.34 3.51 0.14 6.11 5.30 2.49 2.25 4.85 0.36 
PCB128 1.37 1.34 73.00 1.89 5.14 6.25 3.07 3.14 0.55 0.87 0.04 1.86 1.77 0.83 0.60 1.42 0.23 
PC6138 5.92 7.21 265 10.86 27.04 26.57 16.11 15.16 2.89 4.86 0.14 9.08 7.39 5.13 4.14 7.10 0.59 
PCB153 4.37 6.16 174 9.97 22.80 20.54 14.43 12.23 2.72 4.81 0.21 8.00 5.85 4.46 4.42 5.87 0.52 
PCB170 0.89 1.53 44.16 3.13 7.25 6.29 3.83 2.30 0.80 1.39 0.13 1.75 1.40 1.34 1.52 1.71 0.17 
PCB18 0.67 0.79 8.36 0.45 0.68 1.30 1.34 0.91 0.26 0.24 0.02 0.49 0.34 0.68 0.25 0.34 0.27 
PCB180 1.86 2.74 53.17 5.77 13.79 11.57 6.80 4.52 1.50 2.46 0.28 3.20 2.54 2.52 2.77 3.46 0.33 
PCB187 1.81 1.92 25.82 3.94 8.54 7.02 4.66 4.26 1.19 1.89 0.08 3.40 2.40 1.91 1.85 2.26 0.29 
PCB195 0.16 0.51 2.93 0.96 3.83 1.01 1.80 0.53 0.19 0.49 0.09 0.32 0.18 0.27 0.57 0.56 0.17 
PCB206 1.52 2.13 7.45 3.12 17.39 6.27 4.33 2.68 1.12 1.81 0.44 2.23 2.79 1.12 1.93 2.39 0.69 
PCB209 0.91 2.04 5.05 3.99 105 6.82 4.50 4.34 1.29 1.98 0.38 2.40 3.10 1.55 2.07 2.84 0.79 
PCB28 2.06 1.26 12.92 1.50 1.66 2.54 3.67 2.61 0.57 0.88 0.24 1.27 0.76 0.56 0.79 0.67 0.20 
PCB44 2.04 1.98 65.05 1.47 3.94 4.49 3.69 2.59 0.54 0.85 0.36 1.12 1.05 0.47 0.93 0.80 0.52 
PCB52 3.21 3.62 130 2.85 9.69 9.22 7.23 4.43 0.96 1.37 0.51 1.37 2.10 0.71 1.20 1.47 0.73 
PCB66 6.16 1.63 180 1.65 3.87 0.94 2.72 11.28 0.46 0.88 0.12 5.36 4.77 2.08 0.90 0.71 0.24 
PCB8 0.59 0.53 5.64 0.66 0.60 1.22 1.43 1.23 0.29 0.33 0.06 0.60 0.46 0.17 0.26 0.15 0.17 
SUMPCB 46.81 49.12 1650 66.85 273 158 110 100 19.97 32.29 3.35 56.64 49.95 29.67 29.08 42.07 6.88 
TOTPCB 93.61 98.24 3310 134 546 315 221 201 39.93 64.58 6.70 113 99.90 59.33 58.16 84.13 13.75 

TOC % TOC 1.79 1.47 3.73 4.01 6.09 3.79 3.84 3.57 1.66 3.18 0.61 3.55 2.21 3.08 2.55 1.48 0.81 
I":‘^. nro.. -..-l,. ,a-,..& tAllW. I-b,DD -"y'y "'y WL. 

SUMPCB =Sumofcongenerconcentrations. 
TOTPCB=TotalPCBs-SUMPCBx2. 



Table A-2.2. Geotechnical characteristics of reference sediments 
in Narragansett Bay, Rhode Island. 

Site Station Depth %Sand %Silt %Clay %TOC 
MCL JCC-Dl SUR 92.14 6.67 1.19 0.84 
MCL JCC-M 1 SUR 90.49 7.63 1.88 0.85 
MCL JCC-Sl SUR 75.02 10.30 14.67 2.07 
DSY JPC-1 SUR 88.10 11.90 0 1.06 
DSY JPC-2 SUR 66.65 33.17 0.18 1.71 
AH JSC-D 1 SUR 99.88 0.12 3.74E-05 0.45 
AH JSC-VI SUR 97.49 2.50 0.02 0.67 
AH JSC-WI SUR 94.12 5.88 0 0.65 
AH PCC-D 1 SUR 99.99 6.21 E-03 1.87E-05 0.39 
AH PCC-VI SUR 86.52 13.43 0.05 1.60 
AH PCC-WI SUR 97.02 2.94 0.04 1.36 

Mean: 89.77 8.60 1.64 1.06 
S.D. 10.53 9.32 4.37 

ICL = McAllister Point Landfill ERA (SAIC and URI, 1997a) 
0.55 

AH = Allen Harbor Landfill ERA (SAIC, 1996) 
DSY= Derecktor Shipyard ERA (SAIC and URI, 1997b) 
Data Sources: SAIC, 1996 (JSCIPCC - Allen Harbor ERA reference locations), 
Appendix A-l-l (sediment concentrations) and A-l -3 (porewater concentrations); 
SAIC and URI, 1997a (JCC - McAllister Point ERA reference location), 
Appendix A-l-l -1 (sediment organic chemistry), A-l -2-l (sediment metals chemistry), 
and A-l -2-3 (porewater metals chemistry); and 
SAIC and URI, 1997b (JPC/CHC - Derecktor Shipyard ERA reference locations), 
Appendix A-l -1 (sediment chemistry) and A-l -2 (elutriate chemistry). 



Table A-2.3. Lipid and solids content data for species collected for the Derecktor Shipyard ERA. 

DSY-25 
DSY-26 
DSY-27 
DSY-28 
DSY-29 
DSY-31 
DSY-32 
DSY-33 
DSY-34 
DSY-35 
DSY-36 
DSY-37 
DSY-38 
DSY-39 
DSY-40 
DSY-41 
JPC-1 
CHC-1 
Species Mean 
N 

Mean % 
solids/lipid conteni 

CN = Gunner, HC : 

CNlMF 

0.15 

0.17 
0.16 

0.15 

0.17 
0.15 
0.16 
6.00 

0.14 

0.15 

0.15 
2.00 I 

dry/g live wt) 
LOB MM 

0.18 

0.18 
1 .oo 

PM CN 

9.09 

11.40 
8.69 

0.09 
0.11 
0.09 
0.10 
0.12 
0.07 
0.03 
0.10 

0.12 
0.09 

0.09 
10.00 

8.37 

12.47 6.07 2.53 
11.83 4.28 2.28 
10.31 5.45 2.38 
6.00 10.00 11.00 

0.14 

lard clam, IBM = indigenous blue mussels, LOB = lobster, MM Mercenaria mercenaria, PM = Pitar morrhuana, 

Li 
IBM 
5.41 
4.44 
5.40 
6.77 
5.40 

- 
I content 

LOB 

2.53 

2.33 
2.83 
2.44 

2.51 

5.00 2.36 
5.37 1.79 

2.57 
2.02 

6.31 

4.59 

2.0’1 

2.141 
2.59 

-- 
2.25; 
3.001 -- 

PM 

2.79 
3.25 
3.21 
3.69 
2.40 
2.40 
1.10 
4.03 

2.11 
0.93 

2.59 
10.00 

=il 

MF = mummichog. 



Table A-2.4. Concentrations of selected contaminants in tissues of prey in the Derecktor ShipyardlCoddington Cove study area available 
for consumption by avian predators and subsistence fishermen’ 

- 
1 
3 
s 

-5% 8.22 
0.73 
2.44 
7.69 

~.OO&O~ 
0.12 

.OOE-W 

.00&3 
90.97 

- 

3.7% 
6.67 

36.34 
,6.0% 
9.40 
2.65 

89.51 
237 
1040 
5-u 
23w 
820 
148 

5.70 
626 

49.67 
1310 
33.37 
12i 
183 
184 
227 
1043 
782 

4614 
9020 
831 
0.15 
0.15 
2.24 
5.64 

4% - 

3.76 
12.46 
1210 
5.26 
14.12 
45.70 
3.91 
6.95 

42.87 
1.58 
6.20 
3.90 
1.66 

7.40 
32.1% 
0.49 

24.64 
37.82 
1.5-l 
1 68 
2.83 

30.76 
24.76 
140 
127 
,500 
3870 
0.16 
0.15 

5.47 
44.83 
33.45 - 

- 
E 
3 
G 0 

29.66 
0.47 
1.7, 
100 
0.22 
0.29 
1 74 
5.64 
129 

3.76 
9.85 

78.63 
525 
14.86 
2.65 
2.89 
8.00 
3.36 
13.09 
23.65 
9.66 
12.67 

6.70 
6.2% 
0.49 

39.03 
14.92 
10.5, 
19.42 
3.50 

28.17 
69.49 
90.93 
131 
344 
365 
0.15 
1.1% 
1.07 
0.16 

6.31 
3.00 - 

- 
$ 
fJ 

% 

3.76 
13.26 
83.72 
12.66 
12.2% 
2.65 
2.89 
4.15 

24.30 
24.95 
58.37 
20.12 
11.71 

6.08 
38.59 
0.49 

72.90 
1.95 
1.64 

12.00 
11.89 
32.15 
124 

68 0, 
285 
565 
861 
0.15 
1.16 
0.66 
0.15 

9.80 
3.00 - 

8 :’ 
5 

-EL- 
18.23 
0.56 
2.16 
126 
0.7% 
0.2, 
0.91 
6.54 

K s 
0” 
10.22 
1.6% 
3.16 
4.16 
5.81 
0.26 
5.44 

.OOE-0 
76.33 

3.76 

8.52 
4387 

2.65 
11.51 
17.73 
15.26 
7.91 

43 30 
36.94 
20.84 

5.70 
20.76 
7.92 

58.94 
6.88 
11.6, 

23.91 
48.23 
62.67 
169 
384 
616 
0.16 
0.15 
3.55 
4.23 

7.[(5 
13.62 
?rrls 
TiSS", 

I 
m_ 

f 

% 
12.56 
1.21 
3.00 
11.94 
OOE-c 
0.17 
3.43 

.OOE4 
112 

3.76 
14.87 

I 
2 
c? 
1; 

-6x- 
6.68 
0.77 
2.8% 
14.90 
3.02 
0.16 
4.74 

I .00&O, 
142 

? 
A.- 9.36 

0.78 
1.98 
14.38 
1.74 
0.14 
3.99 

.OOE-0, 
87.34 

3.76 
5.67 

5.25 
9.40 
2.65 
2.89 
30.3% 
133 

44.99 
129 
3.90 

25.77 

5.70 
67.37 
0.49 
179 
1.96 

20.43 
1.68 

23.80 
197 

72.72 
621 
850 
951 
0.15 
0.97 
048 
3.63 

2.99 
4791 - 

z 
F 

-ii- 
4.92 
0.69 
1 .,=I 

2.7, 
0.15 
2.17 
1.38 
113 

3.76 
5.6, 

60.78 
5.25 
9.40 
2.65 
13.52 
27.53 
79.21 
42.60 
94.3, 
3.90 

34.22 

6.70 
59.73 
0.49 
152 
1.95 

26.6, 
1.6% 
10.34 
28.75 
182 

85.49 
516 
812 
367 
0.15 
0.34 
1 .O% 
0.16 

- 
- 

110 

3.7% 

9.05 
5.25 

2.66 
2.69 
3.11 
3.36 
3.62 
6.20 
3.90 
1.56 

6.70 
5.26 
0.49 

32.88 
1.95 
1.54 

3.60 
13.19 
24.59 
23.78 
70.20 
7400 
317 
0.15 
1.26 
0.59 
0.16 

4.89 
&lo-- 

19.16 
5.67 

49.75 
24.70 
9.40 
2.65 

59.11 
167 
290 

73.10 
393 

*%0 

12.69 
29, 
0.49 
,160 
39.15 
26.7% 
1.68 

272 
819 
551 
2639 
3970 
,150 
0.15 
0.15 
2.02 
8.95 

11.89 
977 - 

13.61 
28.0, 
15.6% 
74.50 
194 
281 
115 
551 
274 

48.0% 

11.63 
301 

13.54 
741 

29.6% 
36.47 
136 

61.96 
152 
505 
619 
,955 
3630 
528 
0.15 
0.15 
0.4% 
4.77 

2% 



Table A-2.4 (continued). Concentrations of selected contaminants in tissues of prey in the Derecktor ShipyardKoddington 
Cove study area available for consumption by avian predators and subsistence fishermen’. 

MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
P/w 
PAH 
PAH 
PAH 
PAk 
PAH 
PAH 
PAH 
PAH 
PAH 
PAP 
R&n 
PAH 
P.&H 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 

t 
c 
? 
?i 

D 
7.43 
0.04 
1.73 
8.93 
2.07 
0.15 
1.57 
0.65 
106 

3.75 

0.05 
5 25 

2.65 
2.80 
10.14 
55.08 
23.M 
58.08 
8.20 

26.35 

5.70 
37.63 
0.40 

74.70 
1.95 
1.54 

25.61 
27.30 
83.17 
45.02 
275 
430 
427 

0.20 
2.09 

2.93 

11.44 
1.03 
0.13 
2.01 
1.72 

80.30 

3.76 

0.05 
6.36 

2.65 
1,.80 
11.00 
14.70 
8.07 

32.66 
30.75 
1.56 

5.70 
14.40 
0.40 

38.08 
t.05 
1.54 

1.44 
18.48 
43.2, 
46.87 
120 
233 
540 
0.15 
0.67 
5.54 
7.00 

4% - 



Table A-3.1A. Equilibrium-partitioning calculated concentrations of organic contaminants in sediment porewaters 
from the Derecktor ShipyardKoddington Cove study area’. 

Class Analyte’~‘= 

MET 1 Arsenic 

MET Cadmium 

MET Chromium 
MET Copper 

MET Lead 
MET Mercury 
MET Nickel 

MET Silver 
MET Zinc 

MET SEM:AVS 

PAH 1,6,7-Trimethylnaphthalene 
PAH l-Methylnaphthalene 
PAH I-Methylphenanthrene 

PAH 2,6-Dimethylnaphthalene 
PAH 2-Methylnaphthalene 

PAH Acanaphthene 
PAH Acenaphthylene 
PAH Anthracene 

PAH Benzo(a)anthracene 
PAH Benzo(a)pyrene 
PAH Benzo(b)fluoranthene 

PAH Benzo(e)pyrene 
PAH Benzo(g.h,i)p&ylene 
PAH Benzo(k)fluoranthene 

PAH Biphenyl 
PAH Chrysene 
PAH Dibenz(a,h)anthracene 

PAH Fluoranthene 
PAH Fluorene 

PAH Indeno(l,2,3-cd)pyrene 
PAH Naphthalene 

PAH Perylene 
PAH Phenanthrene 
PAH Pyrene 

PAH LMW PAHs 

PAH HMW PAHs 
PAH Total PAHs 

PCB Total PCBs 
PST Aldrin 
PST Hexachlorobenzene 

PST Mirex 

2 - See Table A-1 for Koc MIUBS. 
3 - sum of Low Molecular Weight P I-Methylnaphthalene, I-Methylphenanthrene, 2,6-Dimethylnaphthalene, 2-Methylnaphthalene, Acenaphthene, Anthracene, Biphenyl, Fluorene, Naphthalene, and Phenanthrene. 

4 -sum of High Molecular Weight P Benzo(a)anthracene, Benzo(a)pyrene, Benzo(e)pyrene, Chrysene, Dibenr(a,h)anthracene, Fluoranthene, Perylene, and Pyrene. 

5 -Total PAHs _ sum of LMW & HMW PAHs 
6 Sum of individual PCB congeners x 2, see Table A-3 1 b. 

- 

"" 
s 
x 

_I 

MA 

4.53 
3.00 

4.00 
453 
3.00 

3.85 
3.08 

4.47 
5.60 
6.01 

6.09 
6.Oi 
6.50 
6053 

3.89 
5.60 

6.56 
5.03 
4.14 

6.54 
3.30 

5.05 
4.47 
5.02 

6.43 

6.39 

5.70 
6.77 
6.65 

6.65 __ 

-21.70 -2.80 -164.35 -55.48 -175.50 -10.50 -47.27 -14.5, 1.07 -28.(10 -0.32 -35.50 0.38 -27.67 -10.24 -16.62 -3.21 

0.01 8.68E.03 6.22~.03 8.16B03 0 01 0.0, 6.04E-03 6.4OE-03 3.62E-03 4.OOB03 7.6OE.04 5.32803 6.3OE-03 3.86803 5.26E-03 0.32803 ,.63E-0 

0.08 0.07 0.07 0.06 0.10 0.18 0.07 0.06 0.04 0.05 7.53~.03 0.06 0.07 0.04 0.05 0.08 0.02 

0.03 0.03 0.02 0.75L03 0.05 0.03 0.5OE-03 0.01 5.42E.03 5.64803 8.35~.04 0.72E-03 0.02 0.01 0.04E.03 0.03 2.77~~0: 

0.04 0.04 0.03 0.03 0.06 0.05 0.03 0.04 0.02 8.83E-03 6.14803 0.04 0.03 0.02 0.02 0.03 6.56E.0 

0.08 0.12 0.11 0.14 0.15 0.29 0.12 0.11 0.07 0.10 0.01 0.08 0.10 0.06 0 07 0.14 0.03 

0.33 0.12 0.00 0.06 0.44 0.73 0.06 0.06 0.03 0.04 5.24803 0.04 0.05 0.03 0.06 II.15 0.03 

0.44 0.67 0.40 0.10 0.52 0.25 0.10 0.38 0.07 0.00 0.01 0.22 0.16 0.09 0.00 0.68 0.0280: 

0.57 0.6, 0.36 0.15 0.66 0.40 0.18 0.26 0.06 0.07 8.8,E-03 0.15 0.2, Cl.10 0.10 0.54 0.05 

0.05 0.09 0.05 0.02 0.11 0.05 O.ll2 0.03 7.5iE-03 7.0,L03 1.13E-03 0.02 0.02 O.O6E-03 0.55~~03 0.04 4.23E-0: 

0.02 0.03 0.02 OXE-03 0.04 0.02 0.0, 0.01 4.03E.03 4.57E.03 6.70E.04 8.OOE-03 7.3OE-03 3.85B03 6.53E.03 0.02 2.26E-0: 

0 0 II 0 0 0 D 0 0 0 0 0 0 0 0 II 0 

0.02 0.02 0.02 B.O,E-03 0.03 0.02 0 01 0.01 3.77B03 4.37&03 B.,,E-04 7.65E-03 6.22E-03 3.59B03 4.67~.03 0.02 2.37E-0: 
.O,E-03 3.%X-03 3.48E.03 1.6OE.03 4.8OE-03 3.OOE-03 1.45803 2.08&03 7.86E.04 7.05E84 1.75804 1.43803 1.46E-03 7.OOE.04 0.83E.04 3.24b03 3.OOE.Q. 

004 0.06 0.05 0.02 0.07 0.03 wJ2 0.02 7.%E-03 B.BOE-03 l.ME-03 0.02 0.01 6.80b03 O.SE03 0.05 4.69E-0: 

0.05 0.06 0.05 0.04 0.06 0.08 0.05 0.06 0.02 0.03 8.8OB03 0.04 0.03 0.02 0.03 0.05 0.01 

0.07 0.10 0.06 0.02 0.12 0.05 0.03 0.03 8.83E-03 0.0, ,.4OE-03 0.02 0.02 8.7OE.03 0.01 0.08 6.35B0: 

.06E-04 ,.,lE-03 0.35E.04 4.4OE-04 ,.4OE-03 O.iOE-04 4.34E-04 5.36E-04 1.00~~04 2.21E.04 4.0,E.05 3.62~~04 3.4%04 ,.82E-04 2.64B04 0.52E.04 LO4E.(lr 

0.26 0.43 0.20 0.1, 0.77 0.36 0.10 0.14 0.05 0.06 0.0, 0.00 0.1, 0.07 0.00 0.40 0.04 

0.18 0.27 0.12 0.06 0.36 0.34 0.05 0.05 0.03 0 03 6.00~~03 0.04 II 03 0.02 OS!4 0.00 0.02 

.iOE-03 4.13E-03 3.60803 1.6iE-03 4.03B03 3.05803 1.65&03 2.14803 7.02804 8.51C04 1.50E-04 1.46E-03 1.32E-03 7.5OE-04 ,.04E-03 3.27E-03 4.,OGD 

0.50 0.55 0.56 0.47 0.63 1.70 0 50 Cl.50 0.33 0.35 0.05 0.46 0.6, 0.38 0.46 0.7, 0.1, 

.59Bcl3 0.0, 7.65803 3.75E-03 0.0, 6.1%03 4.,SE-03 4.76B03 1.63803 2.17B03 3.0,E.04 3.11E-03 2.72803 1.88803 Z.JOE-03 6.04803 ,.02E-0: 

0.54 0.73 0.30 0.10 0.00 1.13 0.10 0.17 0.00 0.12 0.02 0.13 0.13 0.07 0.15 0.70 0.08 

0 31 0.46 0.50 0.15 0.64 0.44 0.21 0.24 0.06 0.07 0.0, 0.13 0.16 0.08 0.08 0.77 0.06 

2.40 2.58 1.70 1.20 3.44 502 1.34 144 0.70 0 70 0.13 1.07 1.27 0.74 0.00 252 0.36 

0.73 1.16 0.87 0.32 1.02 0.04 0.37 0.47 0 14 0.16 0.03 0.26 0.32 0.18 0 20 1.42 0.12 

3.13 3.74 2.66 1.52 5.35 5.07 1.7, 1.01 cl.84 0.05 0.16 1.34 1.50 0.92 ,.I8 3.05 0.48 

40E-03 4.74E-03 0.05 ,.7OE-03 2.41803 4.47E-03 3.07803 3.73B03 ,.53E-03 ,.,OE-03 1.17E-03 i.EOE-03 2.4OE.03 ,.08E-03 ,.2,E-03 2.3OB03 ,.85E-0: 

2OB06 2.77E.06 1.10~~06 i.O2E-06 6.7OE-07 ,.08E-06 1.06E-06 i.i4E-06 2.46806 ,.28E-06 6.68E.06 ,.15E-06 1.64E-06 1.33E.06 ,.BOE-06 2.77E.06 6.03E-06 
2OE.06 ,.31E-05 5.36B06 2.24E-06 4.22E-06 3.4%06 3.38E-06 3.63E-06 7.8lE-06 4.08B06 2.,3E-05 3.66~~06 5.87E-06 4.22036 5.OOE.06 8.82E.06 1.60~0: 

47B07 2.,5E-06 l.lBE-05 7.iZE-07 2.81E-07 2.24E-05 1.44G06 3.34E-06 l.OZE-05 1.56B08 2.76b06 ,.75E-06 2.76E.06 1.89E-08 6.61E.07 2.6,E-06 'LOBE-Ot 

27E-06 234E-05 3.07E-04 0.44E-06 1.87B05 3.36E-05 2 14E-05 1.65E.06 8.63E-06 6.37E.06 0.58806 1.58B06 102E-06 7.37E-07 6.33E-06 1.64805 ,.,,E-05 
_ _ _ _ 

,.llE-05 0.35B06 4.26E.05 ,.15E-05 2.37B05 2.65E-05 1.15E-05 ,.51E-05 5.70E.06 6.82E-06 0.27E.07 ,.66E-05 1.38B05 0.53E-06 6.50E.06 ,.75E-"3 ~.,bbo6 

1.76 1.47 3.72 4.0, 6.00 3.79 3.84 3.57 1.66 3.18 0.61 3 54 2.2, 3.07 2.55 1.47 0.8, 
ent concentrationl(foc X Koc)(foc=%TOCHOO). 



Table A-3.1 B. Concentrations of PCB congeners and calculation of Total PCBs in surface sediment (O-15 cm) collected in the Derecktor ShipyardlCoddington Cove study area. 

PCB CONGENERS 
ERA investigation. 

8 
Y 
2 

Class Analyte B 

PCB PCBl a1 6<7 
PCB PCB105 6.54 
PCB PCBlla 6.63 
PCB PCBI 28 6.63 
PCB PCBI 38 6.71 
PCB PCBI 53 6.80 
PCB PCBI 70 7.15 
PCB PCBI a 5.15 
PCB PCB180 7.24 
PCB PCBl a7 7.05 
PCB PCBI 95 7.43 
PCB PC8206 7.95 
PCB PCB209 8.04 
PCB PCB28 5 57 
PCB PCB44 5.65 
PCB PCB52 5.74 
PCB PCB66 6.09 
PCB PCB8 4.98 
PCB SUMPCB 0 

In 
5 

& co 
8 

0 
‘;;, 

N 
? 

v In (D t. co 
? 

c9 
& ? 9 

k 
? ST ? G ? ? ? 

2 2 t2 2 :: g 
? s ? 

G T 
n n n 2 E Ei I? 23 & 

n k 
1.94E-04 2.08E-04 3.16E-03 7.34E-05 1.47E-04 2.68E-04 1.77E-04 2.14E-04 5.60E-05 4.83E-05 4.49E-05 l.OlE-04 1.54E-04 4.87E-05 4.37E-05 1.42E-04 3.39E-05 
2.84E-05 3.59E-05 l.O7E-03 1.48E-05 3.15E-05 5.39E-05 3.32E-05 2.14E-05 9.84E-06 7.24E-06 1.66E-06 1.12E-05 1.85E-05 5 44E-06 6.09E-06 3.04E-05 
6.65E-05 9.96E-05 1.54E-03 4.18E-05 7.15E-05 1.22E-04 8 47E-05 7.48E-05 3.34E-05 2.61 E-05 5.24E-06 4.08E-05 5.67E-05 1.91 E-05 2.09E-05 7.76E-05 
l.alE-05 2.15E-05 4.63E-04 l.llE-05 2.00E-05 3.90E-05 I.89505 2.08E-05 7.84E-06 6.49E-06 1.36E-06 1.24E-05 1.89E-05 6.41 E-06 5.59E-06 2.27E-05 
6.39E-05 9.45E-05 1.37E-03 5.23E-05 8.57E-05 1.35E-04 8.09E-05 8.20E-05 3.36E-05 2.95E-05 4.43E-06 4.94E-05 6.46E-05 3.22E-05 3.13E-05 9.27E-05 
3.85E-05 6.58E-05 7.35E-04 3.92E-05 5.90E-05 8.53E-05 5.91505 5.40E-05 2.59E-05 2.38E-05 5.33E-06 3.55E-05 4.17E-05 2.28E-05 2 73E-05 6.25E-05 
3.56E-06 7.43E-06 8.45E-05 5.56E-06 8.49E-06 l.l8E-05 7.lOE-06 4.60E-06 3.42E-06 3.12E-06 1.51E-06 3.52E-06 4.53E-06 3.11 E-06 4.24E-06 8.24E-06 
2.63E-04 3.76E-04 1 58E-03 7.92E-05 7.91 E-05 2.42E-04 2.47E-04 1.79E-04 l.l2E-04 5.22E-05 1.74E.05 9.79E-05 l.O7E-04 1.56E-04 6.82E-05 1.62E-04 
6.05E-06 l.O8E-05 8.30E-05 8.37E-06 1.32E-05 1.78E-05 l.O3E-05 7.37E-06 5.27E-06 4.51E-06 2.66E-06 5.24E-06 6.67E-06 4.76E-06 6.32E-06 1.36E-05 
9.03E-06 l.l7E-05 6.19E-05 8.78E-06 1.25E-05 1.66E-05 l.O9E-05 l.O7E-05 6.43E-06 5.30E-06 l.l4E-06 8.57E-06 9.69E-06 5.55E-06 6.47E-06 1.37E-05 
3.39E-07 1.27E-06 2.91 E-06 8 90E-07 2.33E-06 9.82E-07 1.73E-06 5.53E-07 4.16E-07 5.74E-07 5.55E-07 3.38E-07 3.08E-07 3.25E-07 8.30E-07 1.40E-06 
9.46E-07 1;61E-06 2.23E-06 8.66E-07 3.18E-06 1.84E-06 1.26E-06 8.3aE-07 7.50E-07 6.34E-07 7.97G07 7.OlE-07 1.40E-06 4.05E-07 8.42E-07 1.80E-06 
4.65E-07 1.26E-06 1.23E-06 9.05E-07 1.57E-05 1.63E-06 l.O7E-06 l.lOE-06 7.06E-07 5.66E-07 5.68E-07 6.14E-07 1.28E-06 4.60E-07 7.38E-07 1.75G06 
3.07E-04 2.28E-04 9.24E-04 9.95E-05 7.27E-05 1.79E-04 2.55E-04 1.95E-04 9.14E-05 7.33E-05 l.O4E-04 9.56E-05 9 22E-05 4.88E-05 8.28E-05 I. 20E-04 
2.54E-04 2.9aE.04 3.aaE.03 8.14E-05 1.44E-04 2.63E-04 2.14E-04 1.61 E-04 7.18E-05 593E-05 1.32E.04 7.00E-05 l.O6E-04 3.41E-05 8.11E-05 1.21 E-04 
3.26E-04 4.46E-04 6.35E-03 1.29E-04 2.89E-04 4.41 E-04 3.42E-04 2.25E-04 l.O5E-04 7.82E-05 1.52E-04 7.00E-05 1.72E-04 4.17E-05 8.55E-05 1.81 E-04 
2.77E-04 8.87E-05 3.87E-03 3.31 E-05 5.10E-05 1.99E-05 5.69E-05 2.54E-04 2.20E-05 2.23E-05 1.62E-05 1.21E-04 1.73E-04 5.45E-05 2.83E-05 3.87E-05 
3.45E-04 3.76E-04 1.57E-03 1.72E-04 l.O2E-04 3.34E-04 3.87E-04 3.58E-04 1.79E-04 l.O7E-04 9.35E-05 1.74E-04 2.15E-04 5.71 E-05 l.O5E-04 l.O3E-04 
2.20E-03 2.37E-03 2.68E-02 8.52E-04 1.21 E-03 2.23E-03 1 99E-03 1.87E-03 7 65E-04 5.48E-04 5.85E-04 8.99E-04 1.24E-03 5.42E-04 6.05E-04 1.20E-03 

3.83E-06 
l.O6E-05 
6.72E-06 
1.40E-05 
1 .Ol E-05 
1.48E-06 
2.31 E-04 
2.38E-06 
3.23E-06 
7.57E-07 
9.46E-07 
8.84E-07 
6.67E-05 
1.41 E-04 
1.63E-04 
2.35E-05 
2.13E-04 
9.27E-04 

PCB (TOTPCB 1 0 1 4.40E-03 4.74E-03 5.35E-02 1.70E-03 2.41E-03 4.47E-03 3.97E-03 3.73E-03 1.53E-03 l.lOE-03 1.17E-03 1.80E-03 2.49E-03 l.O8E-03 1.21E-03 2.39E-03 1.85E-03 

Units: =,ugIL. 

SUMPCB = Sum of congener concentrations 

TOTPCB = Total PC&. - SUMPCB x 2 
1 - Porewater concentration @g/L) = sediment concentration/(foc X K,&. The foc=%TOC/lOO; sediment PCB congener concentrations reported in-Table A-2.1~. 

2 - See Table A-l for Koc values. 



Table A-3.2. Hazard Quotients calculated for CoCs in sediment porewaters from the Derecktor 

ShipyardKoddington Cove study area’. 

Clas IAnalyte 
MET (Arsenic 
MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET Mercury 
MET Nickel 
MET Silver 
MET Zinc 
MET SEM:AVS 
PAH 1,6,7-Trimethylnaphthalene 
PAH I-Methylnaphthalene 
PAH I-Methylphenanthrene 
PAH 2,6Dimethylnaphthalene 
PAH 2-Methylnaphthalene 
PAH Acenaphthene 
PAH Acenaphthylene 
PAH Anthracene 
PAH Benzo(a)anthracene 
PAH Benzo(a)pyrene 
PAH Benzo(b)fluoranthene 
PAH Benzo(e)pyrene 
PAH Benzo(g,h,i)perylene 
PAH Benzo(k)fluoranthene 
PAH Biphenyl 
PAH Chrysene 
PAH Dibenz(a,h)anthracene 
PAH Fluoranthene 
PAH Fluorene 
PAH Indeno(l,2,3-cd)pyrene 
PAH Naphthalene 
PAH Perylene 
PAW Phenanthrene 
PAH Pyrene 
PAH LMW PAHs 
PAH HMW PAHs 
PAH Total PAHs 
PCB Total PCBs 
PST Aldnn 
PST Hexachlorobenzene 
PST Mirex 
PST o,p’-DDE 

IIPST jp,p’-DDE 
1 -Hazard Quotients calculated as EqF 

-4.34 -0 58 -32.87 -11.10 -35.12 -3.90 -9.45 -2.90 0.21 -5.62 -0.06 -7.10 0.08 -5 57 -3.85 -3.32 -0.64 

0.09 0.13 0.13 0 16 0.17 0.33 0.14 0.13 0.08 0.11 o.co 0.09 0.11 0 06 0.08 0.16 0.04 
1.63804 1 64B04 ,.27E-04 8.50805 6.20804 1.03E-03 8.81805 7.9OE-05 3.94805 5.31E-05 7.38E.06 6.,3E-05 6.62E-05 4.2OE-05 7.86805 2 ,,E-04 4.,,E-0 

0.9, 1.45 0.87 0.42 1.14 0.55 0.42 0.84 0.16 0.21 0.02 0.46 0.35 0.19 0.20 1.48 0.02 

1.99 2.14 1.21 0.54 2.38 1.41 0.61 096 0.22 0.24 0.03 0.52 0.76 0.36 035 1.87 0.16 

0.71 135 0.63 0.28 1.72 0.70 0.28 0.42 0.12 0.12 0.02 0.24 0.25 0.14 0.15 0.61 0.07 

0.52 0.69 0.58 0.22 0.92 0.50 0.25 0.32 0.10 0.11 0.02 0.21 0.17 0.09 0.13 0.50 0.05 

0.71 1.05 0.64 0.24 1.22 0.49 0.27 0.36 0.09 0.10 0.02 0.21 0.16 0.09 0.12 0.79 0.07 

0.54 0.66 0.56 0.26 0.83 0.54 0.26 0.32 0.12 0.13 0.02 0.22 0.21 0.11 0.17 0.57 0.06 

0.02 0.03 0.01 6.62E-03 0.05 0.02 &OZE-03 8.68E-03 3.32E-03 3.78E-03 6.85804 5.64E-03 6.87E-03 4.34E-03 4.9OE-03 0.03 2.7OE-0: 

1.30 1 93 0.67 0.41 2.58 2.45 0.39 0.38 0.21 0.23 0.05 0.27 0.23 0.11 0.30 0.66 0.14 

l.llE.04 8.82804 9.0,E.04 7.51804 l.O,?E-03 2.aaE-03 Q.47E-04 9.59E-04 5.25B04 5.62E-04 a.67E-05 7.72E-04 9.76B04 6.07E-04 7.45E-04 ,.15E-03 ,.8X-08 

0.66 

0.49 

4.05 

2.96 

7.03 

0.15 

.4OE-05 

,98806 

.47E-04 

0 90 0.38 0.23 1.12 

0.76 0.79 0.24 1.33 

5.10 2.58 1.34 6.26 

4.63 3.41 1.25 6.07 

9 63 5.99 2.58 12.33 

0.16 1.78 0 06 0.06 

1.7OE-05 6.72%06 6.24E-06 4.17E-06 

3.55b06 1.46E-06 6.09E-07 l.l5E-06 

2.15803 0.01 7.12E-04 2.6lE-04 

0.02 0.40 9.44E-03 0.02 

1.40 

0.69 

5.60 

2.95 

a.55 

0.15 

6.6OE-06 

9.30E-07 

0.02 

0.23 0.21 0.12 0.14 0.03 0.16 0.16 0.09 0.19 0.86 0.10 
0.33 0.39 0.10 0.12 0.02 0.20 0.25 0.12 0.13 1.22 0.09 

1.37 1.70 0.63 0.72 0.12 1.05 125 0.63 0.93 3.57 0.44 

1.40 I ai 0.52 0.59 0.09 1.09 1 .OB 0.56 0.71 3.711 0.34 
2.77 3.51 1.15 1.31 0.21 2.13 2.31 I.18 1.64 7.2a 0.78 

0.13 0.12 0 05 0.04 0.04 0.06 0.08 0.04 0.04 0.08 0.06 

6.51806 7.00E-06 lSlE-05 7.86h06 4.,OE-05 ,.06E-06 1 .I3505 8.15E-06 9.aw-o* ,.7OE-05 3.DQE-O! 

9.,aE-07 9.87E-07 2.12E-06 l.llE-06 5.78806 9.96807 1.5QE-06 ,.15E-06 I.38806 2.4OE-06 4,35E-OL 

1.44803 3.34E-03 ,.02E-03 1.56P03 2.76B03 175803 2.76E-03 ,.89E-03 6.61804 2.6lE-03 2.08E-0: 

0.02 1.65b03 8.63E-03 6.37803 9.58803 I .saa-03 l.O2E-03 7.37E-04 6.33E-03 0.02 0.01 

0.01 9.35E-03 0.04 0.01 0.02 

mvater concentration (TableA-3.1A)MIQSV. 

0.03 0 01 ""2 5.?OE-03 6.62E-03 Q.??E-04 0.02 c.0: 9.6X-03 GOE-63 . 

2. Water Quality Screening Value (Table 4). 



Table A-3.3A. Porewater Hazard Quotients’ (PW-HQs) for Derecktor Shipyard Marine ERA stations exhibiting NO TOXICITY2 
to amphipods (Ampelisca abdifa). 
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63E-0: 

iOE-0: 
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.56E-03 

37E-03 

SE-03 
- 

0.03 

0.02 

012 

0.09 

021 

0.04 

IOE-Or 

78E-Of 

78E-0: 

58E-0: 

ii&04 
- 

0.16 

0.20 

1.05 

1.09 

2.13 

0.08 

06E-01 

98E-0; 

75E-0: 

58E-0: 

0.02 
z 

0.16 

0.25 

1.25 

1.06 

2.31 

0.08 

.13E-05 

.59E-OE 

.76E-03 

.02E-03 

0.Oi 
- 

31 

71 

32 

31 

i 

0.09 

0.12 

0.63 

0.56 

1.18 

0.04 

15E-0 

15sc 

89E-0 

37E-0 

5sU 
I 

0.19 

0.13 

0.93 

0.71 

1.64 

0.04 

.8lE-OE 

.38E-Of. 

61E-04 

33E-03 

5OE-03 
- 

0.66 

1.22 

3.57 

3.71 

7.28 

0.08 

70E-0: 

4OE-Ol 

6lE-0: 

0.02 

0.02 
- 

0.10 

0.09 

0.44 

0.34 

0.78 

53 

34 

32 

09E-r 

.35E-t 

.OBE-t 

0.01 

15E-C 
= 

- - 

Mean - 

95% 

UCL3 

-5.48 -0.67 

4: 

0.12 

.03E-a 

0.56 

0.93 

0.46 

0.31 

0.16 

XiOE-a 

OX4 

1.38 

0.73 

0.45 

0.38 0.59 

0.32 0.45 

0.01 0.02 
0.75 1.23 

73E-0. 1 1 22E-0: 

0.42 

0.42 

2.23 

1.89 

4.12 

0.09 

36E-0: 

03E-Ot 

18E-0: 

0.01 

0.01 
n 

067 

0.64 

3.38 

2.67 

6.22 
0.11 

.91 E-O! 

‘.83E-Of 

~.14E-0: 

0.02 

0.02 

i 1 

3 2 

s 6 

IL 
MET Cadmium 

MET Chromium 

MET Copper 

MET Lead 

MET Mercury 

MET Nickel 

MET Silver 

MET Zinc 

MET SEM:AVS 

PAH 1.6,7-Trimethylnaphthalene 

PAH I-Methylnaphthalene 

PAH 1-Methylphenanthrene 

PAH 2,&Dimethylnaphthalene 

PAH P-Methylnaphthalene 

PAH Acenaphthene 

PAH Acenaphthylene 

PAH Anthracene 

PAH Benzo(a)anthracene 

PAH Benzo(a)pyrene 

PAH Benzo(b)fluomnthene 

PAH Benzo(e)pyrene 

PAH Benzo(g.h,i)perylene 

PAH Benzo(k)fluoranthene 

PAH Biphenyl 

PAH Chtysene 

PAH Dibenz(a.h)anthracene 

PAH Fluoranthene 

PAH Fiuorene 

PAH Indeno( 1.2,3-cd)pyrene 

PAH Naphthalene 

PAH Perylene 

PAH Phenanthrene 

PAH Pyrene 

PAH LMW PAHs 

PAH HMW PAHs 

PAH Total PAHs 

PCB Total PCBs 

PST Aldtin 

PST Hexachlorobenzene 

PST Mirex 

PST o,p’-DDE 

e 
0 

0 

0 

0 

0 

0 

0 

0 

0 

15 

0 

0 

0 

0 

15.00 

15.00 

15.00 

15.00 

15.00 

15.00 

0 

0 

0 

0 

0 

1500 

15.00 

15.00 

15.00 

0 

15.00 

0 

15.00 

15.00 

15.00 

15.00 

15.00 

15.00 

15.00 

1500 

15.00 

15.00 

15.00 
= 

- 

I!PST !p;p’-DDE 

1 - Hazard Quotlenb from Table A-3.2. 

2 _ Toxicity data contarned in Derecktor Shipyard Marine ERA (SAIC and URI, 1997), Table 5-2-l 
3 - 95% Upper Confidence Limit based on sample size as follows Mean+(b.sn(dfJ+(STDEV/SQRT(n))); where STDEV=standard deviation; 

n=sample size& &df)=sample size-dependent percentage points of the t distribution (Ott, 1883). 



Table A-3.3B. Porewater Hazard Quotients’ (PW-HQs) for the Derecktor Shipyard Marine ERA stations exhibiting TOXICITY2 to amphipods (Ampelisca abdifa). 

Class II- MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
PST 

Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Silver 
Zinc 
SEM:AVS 
l&7-Trimethylnaphthalene 
I-Methylnaphthalene 
I-Methyiphenanthrene 
2,6Dimethylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 
LMW PAHs 
HMW PAHs 
Total PAHs 
Total PCBs 
Aldrin 
Hexachlorobenzene 
Mirex 

084 

0.56 

0.01 

0.87 

0.24 

0.26 

%62E-0: 
0.41 

XOIE-04 7 51E-04 

“PST ’ o,p’-DDE 
PST p,p’-DDE I- - 

0.38 
0.79 
2.58 

341 

5.99 

1.78 

j.?ZE-08 
I .48E-OE 

0.01 
0.40 
0.04 

- 

0.23 

0.24 

1.34 

1.25 

2.56 

0.06 

3.2.4E-06 
1,09E-07 
‘.12E-04 
).44E-03 

0.01 - 

I 

L 

1 - !- - 
1 - Hazard Quotients from Table A-3.2. 
2 - Toxicity data contained in Derecktor Shipyard Marine ERA (SAIC and URI 1997) Table 5.2-l 
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Table A-4.1. Elutriate concentrations for sediments collected from the Derecktor Shipyard study area’. 

I:;: 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
MET 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PAH 
PCB 
PST 
PST 
PST 
PST 

Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
MerlXy 
Nickel 
Silver 
Zinc 
SEM:AVS 
1.6,7-Trimethylnaphthalen~ 
I-Methylnaphthalene 
I-Methylphenanthrene 
2,6-Dimethylnaphthalene 
BMethylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Biphenyl 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 
LMW PAHs 
HMW PAHs 
Total PAHs 
Total PCBs 
Aldrin 
Hexachlorobenzene 
Mirex 
o,p’-DDE 

?J 

?i 
0 

12.40 

0.10 

0.40 

1.25 
9.40 

0.10 

4.00 
0.25 

459 

2.88 

11.35 
27.69 

12.85 

46.78 

46.47 
49.92 

31.67 

8.25 

78.24 

24.80 

14.60 

28.7’ 

227 

154 
433 

586 

77.62 
1 60 

0.08 

0.40 

3.52 

0.42 - 

- 

! - 

8 
23 

-.Q-- 

1.18 

B 

i? 
0 

12.10 

1.95 

1.70 

6.56 

11.50 

17.03 
6.15 

8.73 

203 

16.64 

238 

255 

69.45 

0.88 

0.1, 

0.09 

2.60 

0.42 
- 

B 
si a..- 

7.47 7.57 

3 95 
1.70 
8.06 

42.13 
16 10 

1150 

118 

6.15 

IPST /p,p’-DDE 

10.07 
311 

28.23 

499 

527 

54.32 
0.94 

0.90 

0.71 

2.97 

0.63 - - 
L’fi;ts: -&a$. ..“ll -*e.LI.....e. ..^I# +‘#,L, u1yP”‘u~ “*‘L 
1 - Elutriate concentration as reported in Derecktor Shipyard ERA, Appendix A-l-2 (SAG 1997) 
2 - SEM concentration used; AVS assumed = 0 in resuspended sediment. 
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2.22 2 65 222 I.97 1.70 2.07 2.13 2.45 

2.89 3.92 6.62 2.99 1.60 1.11 2.18 4.64 

6.33 9.60 8.68 5.91 4.44 2.97 4.43 14.08 

8.77 750 11.94 6.56 4.53 3.76 4.62 12.16 

11.01 11.25 1742 7.76 3.73 1.77 7.74 11.69 
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Table A-4.2. Elutriate Hazard Quotients (ELU-HQs) for sediments collected from the Derecktor Shipyard study area’. 
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Table A-4.3A. Elutriate Hazard Quotients’ (ELU-HQs) for Derecktor Shipyard Marine ERA stations exhibiting NO TOXICITY’ to sea urchin (Arbacia punctulafa) FERTILIZATION 
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- 

B 
t; 

D 

0.24 242 

75E-t 
70E-( 

0.15 

6.84 
OsE-, 

0.04 

b.01 

0.32 

0.06 

7.32 

7.37 

2.31 

37E-( 

31 E-C 

0.09 

2.80 

5.: 

3.1 

- 
0.42 
= 

- 

3 7. 
5 2. 
I 3. 

- 

3 9. 

3 1. 

I - 

- 

13 

3 
6 
3 

3 

5 

3 ! 
3 t 

! - 

f 

iz 
0 

0.26 

95% 

UCL3 
0.84 
0.0, 

COOE-0: 
0.58 
1.29 
4.00 
0.48 
0.27 
0.05 
1 .OB 

7.34&O! 

6.53BOC 
*AK-O: 

0.04 

0.23 

0.29 

0.08 

3.69 
,.87E-0: 

0.04 

,.57E-05 

0.01 

0.19 

0.09 

4.44 

4.54 
1.43 

3.05E-03 

?.58E-05 
0.B 

2.48 

0.48 
- 

Lo 
9 
2 
0 
0.34 

0.01 

WE-O 

0.43 

1.11 

4.00 

0.48 

0.27 

0.05 

0.58 

B is D 

1.49 

Q 
2 

L 

1.51 

56E-0 
.,OE-0 

0.03 
0.65 

0.38 

8.M 
36E-0 

0.04 

0.01 

0.49 

0.09 

8.37 

8.46 

1.8, 

79&O 

45E-0 

0.71 

2.97 
0.63 
= 

G 
25 

D 
0.76 

0.01 

.WE-c 

1.76 

1.w 

4.00 

0.48 

0.27 

0.05 

0.56 

0.04 

I.18 
07E-C 

0.01 

4.5E-0 

0.01 

0.14 

0.05 

1.76 

1.81 

1.96 

82E-0 
1%0 

0 60 

3.21 
0.64 

= 

r 
?; 

LL- 
0.69 

0.01 

OOE-0 

0.43 

1.11 

4.00 

0.48 
0.2, 

0.05 

0.54 

0.04 

2.68 

79E-0 
0.02 

?J zi A- 
0.07 

0.01 
.WE-0 

0.43 

1.87 

s 

G 
0 

I.,* 

0.01 

.OOE-0: 

0.43 

0.98 

4.00 
0.48 

0.27 

0.05 

t- 
c? 
t; 

0 
0.54 

0.0, 

OOE-C 

0.43 

1.52 
4.00 

0.48 

0.27 

0.05 

0.55 

IOE-0 
39E-0 

49E-0 

0.02 

0.07 
0.09 

0.02 

0.04 
0.05 

1.07 

1.12 

1.25 

82E-0 

36E-o 

0.09 

3.39 

0.71 
= 

zi P 1.13 0.01 
OOE-0 

0.43 

1.26 

4.00 

0.48 
0.27 

0.05 

0.38 

94E-0 
91E-0 

4lE-0 

0.01 

0.06 

0.04 

0.02 

684 

87E-0 

0.02 

9 
G 

L!- 
2.11 

0.01 

.WE-c 

0.43 
1.72 

s 
i% cf 
0.83 

001 

OOE-C 

0.43 

1.06 

4.00 

0.48 

0.27 

0.05 

043 

88E-0 

45E-0 

0.01 
0.05 

0.19 

0.28 

0.06 

0.96 

IQE-0 

0.01 

24E-0 

001 

0.44 

0.08 

1.92 

2.00 
1.22 

82E-0 

D3E-O! 

0.10 

2.4s 

0.59 
= 

c Mean 
9.00 0.84 
9.00 0.01 
9.00 8.WE-0 
9.00 0.58 
9.00 1.29 
9.00 4.00 
9.00 0.48 

*.w 0.27 

9.00 0.05 
17.00 0.69 

0 

0 
0 

0 

9.00 7.34E-0 
11.00 6.53d0 

tl.w 8.44E-(1 

t0.w 0.04 

1000 0.23 
11.00 0.29 

0 

0 
0 

0 

0 

9.00 0.08 
Il.00 3.69 

11.00 ,.87E-0 

I1.W 0.04 
0 

9.00 1.57E-0 
0 

11.00 0.01 

II00 0.19 

II.00 0.09 

1.00 4.44 

Il.00 4.54 

1.00 1.43 
1.00 9.05E-0: 

I.04 6.58BO! 
1.00 0.32 

I.00 2.48 

1.00 0.48 

0.48 
0.27 

0.05 

0.37 

0.01 
.13E-M 

0.01 

0.03 

0.18 

0.41 

.07E-O! 

0.02 

0.05 

0.09 

3.03 

3.13 

0.89 

82E-0: 
27E.Of 

0.60 

1.33 
0.31 

x 

0.48 

0.27 
0.05 

0.49 

JOE-c 

.YE-( 

.75E-( 
0.02 

0.07 

0.18 

0.04 

6.84 
.51E-c 

0.01 

0.01 

0.02 

0.05 

7.16 

7.21 
0.86 

82E-0 

45E-0 

0.05 

2.25 

0.61 
- 

.57E-0: 

.77E-01 

.52E-0: 

0.02 

0.10 

0.18 

0.05 

0.35 
.32E-0. 

0.01 

0.01 

0.05 

0.05 

0.74 

0.79 
0.88 

82E-0: 

45E-04 

0.60 

2.04 

0.39 
- 

POE-0 

0.03 

0.16 

0.71 
0.97 

0.33 
4.91 

39E-0 

0.18 

BE-O! 

0.04 

0.36 

0.39 

7 29 

2.59 

32E-0: 

t4E-0: 

0.40 

3.52 

0.42 
- IlPST /p.p’-DDE 

1 ELU-HQ from Table A-4.2 
2 Toxicity data contained in Derecktor Shipyard Marine ERA (SAIC and URI, 1997), Table 5.2-1. 
3 95% Upper Confidence Limit based on sample size as follows: Mean+& ,,,(df)'(STDEV/SQRT(n))); where STDEV=standard deviation; 

n=sample size: b,,(df)=sample size-dependent percentage points of the t distribution (Ott, 1993). 



Table A-4.3B. Elutriate Hazard Quotients1 (ELU-HQs) based on data from the Derecktor Shipyard Marine

ERA for stations exhibiting TOXICITY2 to sea urchin (Arbacia punctu/ata) FERTILIZATION.

E
"E

Class Analvte Mean
.~ 0

c: :;;x
MET Arsenic 0

MET Cadmium 0

MET Chromium 0

MET Copper 0

MET Lead 0

MET Mercury 0

MET Nickel 0

MET Silver 0

MET Zinc 0

PAH 1,6,7-Trimethylnaphthalene 0

PAH 1-Methylnaphthalene 0

PAH 1-Methylphenanthrene 0

PAH 2,6-Dimethylnaphthalene 0

PAH 2-Methylnaphthalene 0

PAH Acenaphthene 0

PAH Acenaphthylene 0

PAH Anthracene 0

PAH Benzo(a)anthracene 0

PAH Benzo(a)pyrene 0

PAH Benzo(b)fluoranthene 0

PAH Benzo(e)pyrene 0

PAH Benzo(g,h,i)perylene 0

PAH Benzo(k)fluoranthene 0

PAH Biphenyl 0

PAH Chrysene 0

PAH Dibenz(a,h}anthracene 0

PAH Fluoranthene 0

PAH Fluorene 0

PAH Indeno(1,2,3-cd)pyrene 0

PAH Naphthalene 0

PAH Perylene 0

PAH Phenanthrene 0

PAH Pyrene 0

PAH LMWPAHs 0

PAH HMWPAHs 0

PAH Total PAHs 0

PCB Total PCBS 0

PST Aldrin 0

PST Hexachlorobenzene 0

PST Mirex 0

PST o,p'-DDE 0

PST p,o'-DDE 0

1 - ELU-HQ from Table A-4.2.
2 - Toxicity data contained in Derecktor Shipyard Marine ERA (SAle and URI, 1997), Table 5.2-1.

No samples found to be toxic to sea urchin fertilization.



Table A-4.4A. Elutriate Hazard Quotients’ (ELU-HQs) for Derecktor Shipyard Marine ERA 

stations exhibiting NO TOXICITY’ to sea urchin (Arbacia puncfulafa) normal larval development. 
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Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 

Biphenyl 
Chrysene 

Dibenz(a.h)anthracene 
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LMW PAHs 

HMW PAHs 
Total PAHs 

Total PCBs 
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Hexachlorobenzene 
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1 - ELU-HQ data from Table A-4.2. 
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Table A-4.46. Elutriate Hazard Quotients’ (ELU-HQs) for Derecktor Shipyard Marine 

ERA stations exhibiting TOXICITY* to sea urchin (Arbacia puncfulafa) normal larval development. 

MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET Mercury 
MET Nickel 
MET Silver 
MET Zinc 
MET SEM:AVS 
PAH 1,6,7-Trimethylnaphthalene 
PAH l-Methylnaphthalene 
PAH I-Methylphenanthrene 
PAH Z,&Dimethylnaphthalene 
PAH 2-Methylnaphthalene 
PAH Acenaphthene 
PAH Acenaphthylene 
PAH Anthracene 
PAH Benzo(a)anthracene 
PAH Benzo(a)pyrene 
PAH Benzo(b)fluoranthene 
PAH Benzo(e)pyrene 
PAH Benzo(g,h,i)perylene 
PAH Benzo(k)fluoranthene 
PAH Biphenyl 
PAH Chrysene 
PAH Dibenz(a,h)anthracene 
PAH Fluoranthene 
PAH Fluorene 
PAH Indeno(l,2,3xd)pyrene 
PAH Naphthalene 
PAH Perylene 
PAH Phenanthrene 
PAH Pyrene 
PAH LMW PAHs 
PAH HMW PAHs 
PAH Total PAHs 
PCB Total PCBs 
PST Aldrin 
PST Hexachlorobenzene 
PST Mirex 

llPST ,o,p’-ED5 
JIPST I p,p’-DDE 
1 - Hazard Quotients from Table A-4.2. 
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3.23 
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3.03 
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0.60 
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0.04 

0.05 
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1.12 
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2 _ Toxicity data contained in Derecktor Shipyard Marine ERA (SAIC and URI. 1997), Table 5.2-l 
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Table A-5. Comparing aquatic Threshold Effects Value Hazard Quotients’ for CoCs in porewaters and elutriates for identification of Limiting CoCs for the 
Derecktor ShipyardKoddington Cove study area. 

Limiting CoC I 
Arsenic 1 ELU 

HMW 
PAHs 

HMW 
PAHs 

- 
0.31 

0.43 

0.71 

0.21 

0.02 

1.12 

0.98 

Total 
PCBs PAHs PAHs 

1.00 0.49 1 .Ol 1 .aa 0.74 
- - - 
40.40 0.67 1 0.61 

Copper ELL 2.90 

1 
1 76 0.43 0.43 0.43 0.43 0.43 0.43 0.43 

Lead ELU 13.20 0.64 0.71 1.20 0.63 0.98 0.81 1.11 0.68 

HMW PAHs ELU 2.09 0.11 0.24 0.06 0.06 0.05 0.03 0.03 0.02 0.03 0.16 

Total PAHs ELU 37.51 3.79E.03 0.01 4.14E-03 4.25E-0: 4.14E-03 2.66E.03 2.34E-03 2.06E-03 2.24E.03 9.77E-03 

Total PCBs ELU 0.07 1 .oo 0 76 0.85 0.56 0.38 0.38 0.54 0.28 0.37 0.53 

.59E-0 1 0.78 0.83 

3.76 0 1.89 0 1 85 
I 

0 
0.37 [ 

1.12 1.00 0.83 1.76 1 0.71 1 .oo 0 98 1 .oi 1.88 0.74 

Total TOtal 

Limiting CoC I PCBS PCBs o,p’-DDE Copper Lead Arsenic Lead Arsenic Arsenic Arsenic 

1 - Threshold Effects Value Hazard Quc It(TE iQ) = CoC concentratron/Threshold Effect Value (TEV) (Table 7) 
2 - PW - bedded sediment exposure pathway, CoCs measured in porewater (PW; Table A-3.la); ELU- Resuspended sediment exposure pathway, CoCs measured in sediment elutriates (ELU; Table A-4.1) 
3 - TEV units: uglg dry weight for metals, nglg dry weight for organics. 
4 Sum TEV-HQ = sum of TEV-HQs for all analytes at a given station. 

Max TEV-HP = maximum TEV-HQs observed for all analytes at a given station. 

0.57 1 0.94 ( 0.40 ( 0.62 0.69 

3.04 3.40 2.95 4.44 3.23 0 

ij ti I5 E ij ii 
0.89 1.42 1.06 0.39 2.34 1.15 0.46 0.58 0.17 0.20 0.03 0.34 0.39 0.21 0.24 1.74 0.14 

0.15 016 1.78 0.06 0.08 0.15 0.13 0.12 0.05 0.04 0.04 0.06 0.08 0.04 0.04 0.08 0.06 

1.04 1.58 2.84 0.45 2.42 1.30 0.59 0 70 0.22 0.24 0.07 0.40 0.47 0.25 0 28 1.82 0.21 

0.89 j 1.42 ( 1.78 ( ( 2.34 ( 1.15 j 1.74 

HMW HMW 



Table A-6. Avian predator Threshold Effects Value Hazard Quotients’ for CoCs in tissue of prey species 

consumed by avian aquatic predators in the Derecktor ShipyardKoddington Cove study area. 

- 

7 

- 

: 

15 7 

- 
s 
$ 
ii 

-%T 
0.26 
0.56 
1.65 
0.07 
0.75 
4.16 
105 
0.46 

4.16 

Siiver 

- 

5 

- 

7 

- 

2 
2 

i$ 

7 
R 
s 

c 

:: :: 
0.55 0.45 
0.40 0.42 
0.79 0.93 

- 

7 

- 

- 

5 

- 

- 

7 

- 

5 

P 
5 5 4 

14.96 
1 .a3 
3.08 

60.71 
3.11 
0.38 
1.41 
124 
766 

5 
$ 
& A 

0.68 
1.02 
1.02 
0.07 
1.87 
0.73 

‘.12E-0 
0.62 
0.80 

1.87 

Lead 

Lead 
- 
- Thres 

6 
ti >? 

-E- 
0.24 
0.45 
0.45 
0.29 
0.25 
0.34 
0.37 
0.34 
2.87 

2.87 
TOtal 
PCBS 

iz 
$i 
s 

-2L 
0.36 
0.51 
0.70 
0.22 
0.44 
0.43 

.lZE-O! 
0.83 

2.32 
2.32 

Total 
PCBs 

$ 
$ 

5 ct ; 

Tr- 
.& 21 2 
129 E 8 

0.39 0.58 
0.09 0.36 0 39 

6 6 >! .z- 
0.51 
0.63 
0.38 
0.36 
0.29 
0 44 

.12E-C 
0.23 
4.14 

4.14 
Total 
PCBs 

Y 
ii 

-s- 
0.60 
0.44 
0.66 
0.10 
0.30 
0.44 

.12E-O! 
0.61 
1.13 

1.13 
Total 
PCBS 

2 
A 
1 
23 

-E..- 
0.35 
0.29 
0.74 
0.15 
0.43 
0.38 

.12E-O! 
1.33 
1.03 

1.33 

Zinc 

‘7 
& 

-3% 
0.43 
0.64 
0.24 
0.56 
0.36 

7.12E-0 
0.71 
1.24 

1.24 
Tatal 

PCBS 

3 
zi 

Lx- 
0.33 
0.32 
0.57 
0.18 
0.89 
0.41 
0.98 
0.91 
0.48 

0.98 

!z 
6 s 

8 
0.83 
0.51 
0.82 
0.14 
0.47 
0.27 

.lZE-O! 
0.99 
0.83 

0.99 

6 0’ 2 8 
Ki si 4 >I s 4 
:: 6 

8 
% zi 

ij 
zi a cs 

1 15 0.33 lY3 0.18 
0.14 0.60 0.92 0.34 
0.69 0.31 0.77 0.83 
2.75 0.25 0.18 0.02 
0.02 9.65E-05 9.65E-05 9.65E-05 
1.19 0.27 0 35 0.38 
4.89 0.22 0.84 7,12E-05 
0.91 0.21 0.77 0.98 
0.98 5.05 0.90 1.05 1.12 
4.89 5.05 1.13 1.05 1.12 

TOtal T&l TOtal 
Silver PCBs Arsenic PCBS PCBs 

0.97 0.54 
0.20 2.50 

3.65E-05 0.05 
0.46 0.69 

7 12E-05 3.89 
0.91 0.71 

0.65 0.60 0.69 
0.99 0.14 0.17 
0.15 9.65E.05 0.53 
0.60 0.32 0.31 
2.44 7.12E-05 7 12E-O! 
0.85 0.82 0.75 

0.13 0.25 
3.65E-05 0.97 

1 Silver 

Total PCBs I SilYer 1 Total PCBs 

Quotient (TN-HQ) = CoC concentration (Table ,+2,4)1Threshold Effect Value (TN) (Table 9). 

Silver 

Id meets “al”e HZ 

Silver Zinc 

Max TEV-HQ q maximum TEV-HQs observed for all analytes at a given stabon. 
3 - TEV units: ug/g dry weight for metals, rig/g dry weight for cqanics. 
4 - CoC associated with ma%wm observed TEV-HP by sample. 
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Class Anap 
MET Arsenic 
MET Cadmium 
MET Chromium 
MET Copper 
MET Lead 
MET Mercury 
MET Siiver 
MET Zinc 
PC3 Total PCBs 

MAX TN-HQ 

i 
F 
5 
‘5 

I:96 
1.83 
3.08 

60.71 
3.11 
0.38 
1.41 
124 
766 

Table A-6 (continued). Avian predator Threshold Effects Value Hazard Quotients’ for CoCs in tissue of prey species 

consumed by avian aquatic predators in the Derecktor ShipyardKoddington Cove study area. 

12E-05 4.65 7.12E-05 7.12E-05 7.12E-05 7 12E-O! 
1.05 I 0.89 I 090 I 1.01 I 0.44 I 0.68 
0.91 ( 0.41 ( 0.21 ( 0.63 1 4.08 / 1.17 
1.05 1 465 1 0.90 1 1.01 1 4.08 1 1.17 

I I I i Total 1 Total 
Zinc 1 Silver ) Zinc PCBs PCBs 

I 
Silver Total PCBs 

-Threshold Effects Value Hazard Quotient (TEWHQ) = CoC concentration (Table A-2 
2 - Sum TEV-HQ = am of TN-HQs far all w&&s at a given station. 

Max TN-i-IQ = maximum TEWHQs observed for all analytes at a given station 

- 8 ii 2 a- 
1.74 
0.27 
0.63 
2.72 
0.08 
0.86 
4.34 
1.39 
0.38 

4.34 

SlkT 

- 

9 

7 

0.17 0.14 3.24 
.65E-05 9.65E-05 0.06 
0.44 0.37 1.08 

.12E-05 0.70 0.58 
1.06 1.06 1.04 

Zinc ) Zinc 1 Copper 

Siker ) copper 

hreshold Effect Valve (TEV) (Table 9). 

- 

7 

- 

2 d 
7 

A- 
0.40 
0.33 
0.88 
0.10 
0.95 
0.34 

.12E-O! 
0.95 
0.73 

0.95 

Total PCBs 1 

3 - See Table 14 for TEVs. TEV units: pglg dry weight for metals, nglg dry weight for organa 
4 - CoC associated with maximum observed TEV-HP by sample. 
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Table A-7. Human Health Threshold Effects Value Hazard Quotients’ based on concentrations of 

selected contaminants in tissues of shellfish harvested from lower Narragansett Bay for consumption 
by subsistence fishermen 

0.23 
2.34 
0.05 
0.01 
0.66 
2.34 

- 

i 
F 

Class Anal@ P 
MET Arsenic 17.z 

PAH Benzo(a)anthracene 107 

PAH Benzo(a)pyrene 10.6E 

PAH Dibenz(a,h)anthracene 10.6t 
PAH Indeno(l,2,5cd)pyrene 107 
PCB Total PCBs 13oc 

MAX TN-HP 

II MAX Co? I 
I 
MAX Co? 

Limiting CoC Limiting CoC I 

3 
I 

~ 

D 

h: 

-T 

- 

iE 

- 
$ r? 23 -L!-- 

0.31 

0.71 
0.34 
0.05 
0.01 
1.37 
1.37 

TOtal 
PCBs 

- - - 

f 
E 

- 

1 E 

- 
z 
i$ 
t; A 

0.59 
0.14 
0.74 
0.74 
0.11 
0.47 

0.74 
ibenz(a 
lanthrac 

e”e 

- 
Thresh< 

2 A 
? 
t; 

--CL- 
0.30 
0.55 
0.34 
0.05 
0.01 
0.60 

0.60 

Total 
PCBs 

z 
F; 
s 

Ai- 
0.54 

1.24 
4.21 
0.05 
0.19 
0 73 
4.21 

3enzqa) 
pyrene 

L 
c-b 
2 

0 
0.28 

0.74 
3.99 
0.05 
0.25 
0.28 

3.99 

B 
2 
? 
ii 

A 
0.72 
0.03 
0.34 
0.05 
0.01 
0.49 

0.72 

Arsenic 

2 5 t; -s- 
0.34 

0.33 
2.08 
0.05 
0.08 
0.40 

2.08 

3WlZC@ 
pyrene 

5 
4 
1 
tj 

0 
0.50 
0.43 
2.10 
0.05 
0.07 
0.24 
2.10 

k?nZO(a 
pyrene 
tX?nZO(a‘ 
pyK2~~ 
- 

0.27 I 0.40 I 0.67 
2.69 0.34 3.17 
0.05 0.05 0.05 
0.08 0.01 0.01 

2.63 0.03 
10.72 0.34 
1.27 0.05 
0.33 0.01 

9.74 2.71 
51.30 6.84 
4.65 0.05 
1.13 0.25 

0.50 0.03 
0.34 1.22 
0.05 0.05 
0.01 0.10 

pyrerk 
l%VO(i 
pyrene 
- 

Arsenic 

Benzo(a)pyrene 1 Benzo(a)pyrene 1 Benzo(a)pyrene 

lotient (TW-HQ) = CoC concentration (Table A-24)TThreshold Effect Value (TEI 

Benzo(a)pyrene Benzo(a)pvrene 
Effects Value Hazarc 

Benzo(a)pyrene 

able 14) 
2 - Sum TEWHQ = sum of TW-HQs for all analytes at a given station. 

Max TW-HP = matimum TEV-HQs observed for all anaiytes at a given station 
3 TEV units: pglg dry weight for metals, r&!/g dry weight for organics. 
4 CoC associated with maximum obsewed TN-HP by sample. 
5 -Arsenic selected as L-CoC for this station (see Text Section 2.4). 



Table A-7 (continued). Human Health Threshold Effects Value Hazard Quotients’ based on concentrations of 

selected contaminants in tissues of shellfish harvested from lower Narragansett Bay for consumption 
by subsistence fishermen - 

0.20 0.28 
1.51 1.17 
0.05 0.05 
0.01 0.06 

- 

i 

+-q-z- 
hzo(a) Benzo(a: 
pyrene ) pyrene 

- 
3 
s zi 0 

1.15 

- 

1 

- - 

I E 

I 

z 

? 
t; 

2 
0.37 

0.15 
0.65 
0.05 
0.01 
0.12 
0.65 

3enzo(a) 
pyrene 

- 
8 
$ 
2i 0 

1.08 
0.03 
0.34 
0.05 
0.01 
0.50 

1.08 

Arsenic 

- 

I E 

- 

- 

- 
T 

E 

- 

? 25 -s-- 
0.43 

0.62 
3.02 
0.05 
0.10 
0.38 
3.02 

z 

-j- 

0.43 
0.52 

2.17 
0.05 
0.01 
0.33 
2.17 

Benzo(a: 
pyrene 

Benzo(a: 
pyrene 

- 
,-2.4VThre 

z 
4 zi -a..- 

0.35 

0.14 
0.76 
0.05 
0.01 
0.42 
0.76 

3enzo(a) 
pyrene 

$ 
$ 
2i 

0 
1.51 

0.03 
0.34 
0.05 
0.01 
0.22 

1.51 

Arsenic 

$ 
$4 s 

% 
0.35 
0.43 
1.93 
0.05 
0.09 

1.93 

3enza(z 
pyrene 

? 
& 

-LA-- 
0.52 
0.17 
0.34 
3.10 
0.26 
0.35 
3.10 

)ibenz(a 
i)anthrac 

e”l2 

- 
$ ‘t is 0 

0.43 

1.04 0.05 
0.01 
0.19 
1.04 

3enza(a) 
pyrene 

g z a 
c 
v % v i 

0.35 0.31 

P 
27 

-A- 
0.13 

0.39 
1.62 
0.05 
0.01 
0.21 
1.62 

lenzo(i 
pyrene 

Benzo(a)anthracene 

Dibenz(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

0.03 
0.34 
0.05 
0.01 
0.65 
1.15 

Arsenic 

0.39 023 
0.34 0.58 
0.05 0.05 

pyrene 

Benzo(a)pyrene Benzo(a)pyrene 

1 - Threshold Effects Value Hazard Quotient (TN-HQ) = CoC concentration (Tablr 

Arsenic5 Benzo(a)pyrene 

>Id Effect Value (TEV) (Table 14) 
Benzo(a)pyrene 

2 - Sum TEWHQ = sum of TW-HQs for all anaiytes at a given station. 
Max TEV-HQ = m&mum T&-H@ observed for all ana&&% at a given station. 

3 - TEYV units: pglg dry weight for metals, “g/g dry weight for organic*. 
4 - CaC associated with maximum observed TEV-HQ by sample. 
5 -Arsenic selected as L-CoC for this station (see Text Section 2.4). 
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Table A-9. Comparison of sediment concentrations measured in URI (Quinn et al., 1994) and ERA (1997) investigations of the Derecktor 

Shipyardlcoddington Cove study area’. 

- 

- 

- - 

- 

L 
0.15 
152 
197 
181 

85.28 
0.82 
593 

0.55 
80.50 
7,.75 
77.70 
0.32 

24.25 
0.51 
169 

to.10 
0.50 
368 
7.55 
2.47 
63.47 
427 
1330 
7380 
3320 

10100 
5140 
2076 
2070 
12.81 
4980 
784 

12660 
439 
,720 
1.97 
1050 
3990 

8.4, 
19.85 
38.57 

43.87 
17.27 
74.63 
183 
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377 

2662 
63994 
66656 

209 
0.06 
0.24 

0 
5.71 

362 
247 
911 

12.6, 
364 

66.60 
459 

31.45 
223 

37.54 
133 
220 
650 
502 

4308 
4809 
134 
0.10 
0.06 
017 
1.67 

3.13 2.03 
1.30 4.01 

0.69 

0 w 

2 9 
s 

2 2 
6.79 

0.20 
95.99 
45.52 
35.39 

38.60 
0.60 
149 

0.50 
4450 
29.75 
42.10 
0.19 
1725 
6.21 
100 

2.36 
684 
27.68 
6.56 

0 
16.26 
58.86 
201 
166 
164 
358 
273 

97.41 
224 
5 01 
406 

21.20 
1056 

42.73 
9965 
0.27 

57.17 
305 
794 
369 

4013 
4383 
67.58 

4.66 
9.41 
38.26 
17.33 
16.39 
16.20 
95.65 
234 
234 
317 

0.9B 
 ̂ .^ 

333 
184 
836 
6.92 
444 

62.77 
779 

19.09 
166 

21.60 
76.70 
304 
,190 
478 

4917 
5395 
64.13 
0.10 
0.08 
Cl.23 
1.07 

., 
" 18 1.14 
2.06 1.48 

-3.07E.01 

-4.3x02 
5627 

E 
2 

-1.13 
0.62 
0.83 
0.80 

-2.vv 
1.11 
0.46 
1.1, 

1.00 
195 
262 
201 

$28 
1.27 
1231 

1.45 
66.50 
158 
186 
0.50 

34.76 
0.79 
393 

0.18 51.69 
-1.90 9.71 
1.62 441 

-1.26 23.64 
-1.79 8.22 
1.14 193 
1.40 667 
1.52 3360 
1.85 10600 
1.59 4710 

27.94 
50.07 
267 
112 

73.47 
189 
360 
,226 
2700 

1.74 
1.57 
6.78 
0.02 
1.73 
1.69 
1 .a5 
1.73 
1.54 
-1.80 
1.55 
1.79 
1.74 
1.37 
1.75 
1.73 
0.44 
-0.57 
1.26 

-2.66 
1.09 

0.42 
-1.02 

5600 
3660 
f9SO 

40.77 
6390 

13606 
859 

2.94 
,336 
4690 

10100 
5656 

72956 
78612 

733 

0.17 

3.81 

1950 
1116 
6350 
29.91 
2866 
317 

4970 
294 

1020 
76.08 
611 

,610 
5390 
2639 

30118 
32757 

546 
0.10 
0.16 
0.10 
4.96 

13.61 6.29 
2.63 6.09 

6.37 

0.42 
L4.M 

B 
L 

-0.37 
0.77 
0.50 
0.08 

0.07 
60.65 
1247 
22.13 

1.15 31.42 
0.47 0.56 
1.03 63.94 

0.18 
36.75 
9.25 
17.60 
0.02 

14.50 
0.07 

4725 

0.60 
-1.35 
0.49 
-1.32 
-1.60 
0.02 
0.97 
0.93 
,.I@ 
0.66 

1.01 

1.27 

0.74 
2.29 
1.03 

17.37 
26.14 
38.47 
70.46 
40.07 
29.52 
24.16 

0 
47.47 
9.34 
94.27 
0.92 
18.33 
1.90 

22.67 
21.15 
93.92 
26.63 
536 
562 

11.73 

0.45 
127 
2.22 
2.36 
2 01 
1.71 
0.77 
11.10 
13.76 
16.55 

0.97 
094 

-0.92 
0.31 
0.78 
I.28 
0 93 
0.88 

-1.85 
0.74 
1 .Ol 
0.62 
0.76 
0.83 
0.83 
0 29 

0.11 

-0.26 
0.74 
-0.79 

9.74 

19.44 
12.18 
47.26 
0.66 

2065 
3.16 

37.63 
2.09 
11.44 
1.64 
7.3, 

20.16 
49.54 
26.49 
261 
286 

1375 
0.10 
0.08 
0.10 
040 

3.46 0.08 
1.63 0.81 

0.33 

0.27 
61.06 

0.29 
95.99 
45.52 
35.39 

38.60 

149 

0.1* 
36.75 
9.25 
17.00 
0.02 

14.50 
0.07 

47.26 

2.36 
664 
27.68 
6.56 

18.26 
56.66 
201 
166 
164 
358 
273 

97.41 
224 
5.01 
466 

21.20 
,050 

42.73 
9a.65 
0.27 

57.17 
305 
794 
369 

4013 
4383 
67.58 

0.46 
1.27 
2.22 
2.36 
2.01 
1.71 
0.77 

11.10 
13.76 
18.55 

0.98 

19.44 
12.18 
47.26 
6.66 

20.65 
3.18 

37.63 
2.09 
11.44 
1.94 
7.31 

20.16 
49.54 
26.49 
261 
268 

13.75 
0.10 
0.08 
0.10 
0.40 

0.18 0.08 
2.06 0.81 

1.35 

1.28 
4/.24 

m 
2 

w 

2 & 
943 

B 
L 

0.11 
0.89 
1.32 
0.76 

0.91 
1.61 
1.04 

1.36 
1.37 
1.70 
0.94 

1.66 
1.95 
1.78 
1.69 
1.59 

1.73 
1 56 
1.36 
1.53 
1.81 
1.46 
1 86 
1.81 
1.58 

-1 49 
1.55 
1.75 
1 76 
1.73 
1.76 
1.75 
1.32 

0.84 
0.82 
0.87 

a 
A- 

-0.86 
0.49 
0.30 
0.26 

0.74 
1.59 
0.30 

0.77 

-0.54 

-0.93 
0.29 
0.29 
0.44 
0.62 
6.76 

0.69 
0.63 
-0.65 
-2.60 
0.79 
0.99 
0.85 

-0.78 
0.46 
0.03 
1.02 
0.05 
0.62 
0.00 
0.69 
0.65 
-0.16 

0.60 
1.91 
0.61 

L? 
AL- 

0.21 
0.66 
0.70 
0.39 

0.21 
-0.15 
0.47 

-1.25 

1.36 

0.19 

0.31 
132 

81.46 
46.08 

168 
1.22 
1104 

8.15 
10.97 
51.06 
12.33 
6.93 

20.89 
57.61 
254 
274 
206 
381 
257 
132 
245 

18.53 
538 

2v.43 
1320 
74.94 
132 

11.75 
95.53 
392 
990 
626 

4991 
5519 
656 

8.71 

0.22 
107 

61.67 
60.23 

25.36 
0.16 
163 

1.01 

226 

14.64 
167 
753 
998 

1190 
1890 
,020 
563 
899 
9.37 
1460 
243 
1590 
92.44 
629 

311 
627 
1640 
1266 

12860 
14126 
293 
0.09 
0.10 
0.39 
4.34 

ICadmium 0.76 
76.75 
80.75 
81.00 
6.40 

24.75 
0.51 
167 

7.90 
20.42 
32.53 
34.64 
36.86 
17.14 
71.00 
200 
281 
421 

401 
216 
1040 
14.41 
399 

6293 
399 

28.12 
216 

45.30 
142 
216 
846 
509 

4640 
5149 
221 
0.10 
0.08 
0.33 
3.63 

0.16 
53.50 
39.25 
40.40 
0.14 

20.50 
0.19 
102 

4.34 
7.63 

43.54 
18.65 
13.86 
12.21 
93.84 
266 
518 
434 

365 
261 
999 
6.66 
592 

*I 34 
686 

53.89 
204 

16.16 
133 
317 
740 
539 

5256 

Zinc 
SEWAVS 

w5 1,6,7-Tdmathylnaphthalene 
I-Methylnaphthalene 
I-letbtiohenadhrene 
2,6Dim~thylnaphthalene 
ZMeLylnaphthalene 
Acenapbthene 
Acenaphthylene 
Anthracene 
Benw(a)anthracene 
Beluo(a)pyTene 
Benro(b)Ruonnthene 
Benw(e)pyrene 
Bewo(g,h,i)perylene 
senzo(k)li"ora*hene 
Biphenyl 
Chwsene 

0.95 
0.54 
0.93 

0.95 
0.95 

-0.11 
0.34 
0.85 
1.19 
0.79 
0.53 
0.67 

0.80 
0 66 
0.76 
0.81 
0.84 
0.84 
0.99 
-0.14 
-6.12 
0.70 
0.96 

- 
0.67 

morene 
l”deno(l,2,3-cd)pyTene 
Naphthalene 
Pelylene 
PhWDa"thP3"e 
PyTeoe 
Low Molecular Weight PAW 
High Mdecular Weight PAHs 
sum Of PAHS 

>BS Total PCBs(SumCongenend) 
!*ticideE Aldri" 

98.24 
0.10 
0.12 
0.19 
1.52 

1.45 1.m 
6.17 3.04 

2.72E.04 

0.13 
27.2, 

0.61 
2.95 1.47 

0.57 

0.73 
41.24 - 
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Table A-9 (continued). Comparison of sediment concentrations measured in URI (Quinn et al., 1994) and ERA (1997) investigations 

of the DerecMor ShipyardKoddington Cove study area’. 

c3om 

2 
E 

L 

-0.45 
0.50 
1.76 
-1.90 

0.96 
0.31 
0.97 

47.07 
-0.53 
0.81 

-0.23 
-o.ii 
1.48 
2.92 
0.65 
0.89 
3.48 

1.94 
2.93 
-2.29 
0.14 
0.59 
7.30 
0.35 
0.30 

-4.00 
-0.24 
1.80 
0.44 
0.82 
0.85 
0.83 
0.83 
0.61 
0.00 
0.80 
0.00 
1.54 

3.26 
-3.90 
1.98 

0.32 

-1.15 
040 
0.72 
2.87 

0.92 
1.12 

-5.27 
27.10 
0.69 
1.4, 
0.5, 
1.08 
1.15 

.7.34E-0, 0.33 

0.52 0.26 

0.16 0.29 

.I .74E-01 0.33 

0.85 0.82 
0.6, 0.19 
0.82 0.79 

0.01 0.59 
,.32E+00 0.70 

0.88 0 72 
,.13E+oo 0.26 
i 46E+OO 0.16 

0.07 0.11 
0.22 0.65 
0.82 0 53 
0.83 0.75 
0 23 0.79 

0.38 0.73 
0.24 0 7, 

4.6880, 1.07 
0.28 0.04 
0.76 0.45 
0.14 1.04 
1.25 0.44 
1.14 0.34 

1.260, 0.52 
,.45E+OO 0.35 

036 0 65 
1.02 0.44 
0.69 0.56 
0.62 0.53 
0.72 0.60 
0.7, 0.59 
0.59 0.36 
0.56 
0.25 0 20 

8.90s03 
0.36 0.56 
0.22 0.73 

,.6lE-0, 0.63 
0.24 0 52 

0.33 0.40 

E 2 
$ R 
2 (r z 

0.62 
0.66 0.26 
0.60 0.43 
0 18 0.53 

0.40 
0 40 
0.54 

0.18 
0.03 
0.63 
-0.57 
-, .oo 
0.69 
0.77 
0.93 
0.80 
0.66 

0.80 0.73 
0.73 0.8, 

-0.1s 0.92 
0.04 1.17 
0.94 0.65 
0.72 1.0, 
1.12 0.67 
0.89 0.96 
0.67 0.77 

-1.27 0.79 
0.64 0.65 
0.92 0.73 
0.87 0.76 
0.70 0.70 
0.89 0.69 
0 88 0.69 
0.46 0.60 
-0.36 0.3, 
0.60 0.64 

-0.62 1.16 
0.80 0.52 
0.33 

. 
1.13 

0.18 0.67 
0.42 0 18 

0.53 0.56 

- 

- 

-0.90 
0.41 

0.92 
6.37 

1.31 
1.87 
0.92 

6.56 
-2.44 
1.00 

-1.12 
-0.85 
1.19 
1.36 
0.66 
0.94 
1.48 

1.08 
1.34 

-3.49 
9.72 
0.65 
1.84 
0.44 
0.8, 
1.58 

-0 47 
0.94 
0.67 
0.83 
0.93 
0.76 
0.77 
1.03 

-11.40 
1.1, 

-2.11 
0.8, 

3.24 
-1.57 
0.79 

2.27 

0.17 
105 

66.91 
57.62 

22.79 
0.40 
139 

0.72 
84.75 
66.75 
125 
0.37 

25.75 
0.81 
201 

31, 

799 
399 
496 
,050 
576 
260 
79, 

7.89 
17.57 
51.57 
43.59 
32.08 
14.29 
13, 
298 
388 
495 

,170 
39.28 
,830 

255 

244 
550 
,550 
t,,o 
9x? 

417 
287 

1100 
15.37 
491 

72.22 
535 

25.73 
264 

42.67 
150 
182 
917 
680 

5298 

217 

0.10 
0.B 
2.39 
1.79 2.39 
4.2, 3.57 

0.17 

29.63 

:: 
8 

f 
:: 

10.22 
076 
76.75 

0.25 
99.23 
79.69 
76.91 

23.07 
0.88 
158 

80.75 
81 .oo 
0.40 

24.75 
0.5, 
167 

4.30 
0 

42, 

17.13 
M.60 
922 
,420 
880 
,500 
743 
280 

2300 

7.80 
20.42 
32.53 
34.64 
36.66 
17.14 
71.00 
200 
26, 
42, 

1580 
56.80 
5850 
216 
276 
9.13 
300 
,400 
3820 
1654 

20406 

40, 
215 
1040 
14.4, 
399 

62.93 
399 

2812 
218 

45.30 
142 
216 
646 
509 

367 
0.18 
0.12 
0.32 
6.26 

5149 
22, 
0.10 
0 06 
0.33 
3.63 
1.96 

3.29 3.84 
0.45 

0.42 
2809 

z 
5 

w 
6 

7.39 
0.19 

-0.07 7.9, 

0.53 0.08 

-0.06 175 

46.60 
17.25 
40.00 
0.13 
18.25 
0.24 
72.25 

-2.00 
1.71 

0.00 

1.29 

1.34 

0.7, 

0.60 
0.26 
0.75 

1.19 
-0.10 
1.74 
1.54 
0.24 
-1.33 
0.72 
1.47 
1.27 
1.06 
1.26 
1.24 
0.50 
0.56 
0.39 
-0.01 
0.53 

4.19 
14.95 
15.4, 
3.04 

20.10 
7.12 

30.23 
99.90 

196 
110 
159 

88 94 
134 

47.94 
5.62 
122 

43.99 
325 

29.36 
99.7, 
2.98 

54.42 
171 
373 
233 
,923 

92.31 

0.24 
0 09 
1.18 

63.45 
50.33 
155 
3.18 

58.76 
12.4, 
95.23 
6.57 

45.3, 
10.87 
23.92 
46.16 

107 
103 
776 
679 

39.93 
0.10 
0.08 
0.10 
0.63 

- 
-0.16 

0.76 0.42 
1.15 1.66 

0.52 

0.55 
47.87 

B 
L 

-i 23 

0.2, 

0.00 

-0 73 

-0.12 
-0.68 
-0.36 

1.43 

0.9, 
0.03 
0.00 

0.32 
-0.10 
-0.33 

0.82 
-0.59 
1.09 

-0.03 

0.48 
1.01 
0.61 
0.48 
0.54 
0.53 
0.07 

0.26 
-1.02 
1.6, 

-o.zB 
0.16 

0.00 
1.02 
0.53 
004 

-0.79 
-0.97 
0.83 

0.69 
0.88 
0.54 
-1.06 
0.70 
0.73 
0.87 
1.04 
1.18 
0.47 

0.33 
0.91 

-1.07 
0.65 
0 70 
l.i2 
1.09 
1.27 
0.75 

-1.14 
0.78 
1.15 
1.11 
0.77 
0.85 
0.64 
0.79 

1.01 
-0.14 
0.60 

0.5B 
-0.36 

- 

-5.95B0, 0.64 
0.62 0.26 
0.47 0.43 
0.08 0.49 

0.54 0.7, 
0.46 0.86 
0.62 0.57 

0.13 0.83 
-5.45E-0, 1.33 

0.84 0.84 
-7,6,E-0, 0.85 
.,.16E+OO 0.99 

0.48 0.58 

WE 1,6,7-Tnmethylnaphthalene 

l-M~thyl”FlphthPik”~ 

I-Methylphenanthrene 
2,ggimethylnapbthalene 
2.Methy%-aphthalene 
Acenaphthene 
Acenaphthylene 
Anthmcene 
Benzo(a)anthncene 
Benw(a)pyene 
*em(b)R"omnthene 
Bem(e,pyene 
Berzo(g,h,i)peryiene 
Bem(k)fluoranthene 
BiPhWji 
Chiysene 
Dibenz(a,h)antbmcene 
Fluomthene 
Fkl0r&lE! 
fndeno(,,2,3-cd)pyrene 
Naphthalene 
Perylene 
Phenanthrene 
Pyene 
Law Molecular Weight PA&is 
High Molecular Weight PA& 
sum Of PAHS 

:BE -rota, PCBB (Sum Congenem2) 
Eheldes Aldim 

Hexachlorobervene 
Mrex 
O,pWDE 
p,p'-DDE 

x % TOC 
AlI cots 
PRGs' 
Station Separation Dirtance (rn) 

0.59 0.80 
0.90 0.69 
0.8, 0.76 
0.53 0.79 

0.67 0.72 
0.58 0 78 

263E-0, 0.9; 

0.10 0.99 

0.89 0.58 
0.54 1.00 
1.16 0.6, 
0.97 0.79 
0.49 0.77 

,.34EtOO 0.63 
0.69 0 65 
0.95 0.63 
0.82 0.68 
0.68 0.63 
0.84 0.63 
0.83 0.63 
0.50 0.62 

-5.03E.02 0.57 
0.48 0.54 

4.94b0, 1.04 
0.67 0.54 
0.3, 0.99 
0.08 0.64 
0.36 0.72 
0.47 0.52 

0.77 
0.80 
0.97 
i .01 
0.78 
0.79 
1.29 
-0.86 
1.07 

-1.89 
0.66 

5.37 
5.70 
2.49 

1.41 

1 ERA Sediment data source: Table A-Z.,A; URI Sediment data source: Table AZ., B. 
2 - RPO = Relative Percent Difference of cc-located station sedment concentrations (URI vs. ERA, respectMy). See Figure 3.2-l for station locations. 
3 - CV= CoeMcient ofVariation of mean RPD across stabon pairs. 
4 PRGs identified in Table 16 for aquatic eqmsure pathway% 



Table A-IOA. PRG Hazard Quotients’ for CoCs in the aquatic exposure pathways for the Derecktor ShipyardEoddington Cove 

study area: 

ERA investigation. 

% 
I c 

E P In Fi Ri L-0 .o .g 4 a ‘- 7 R 23 % fi 
5 2 Y % % % $ 

J 6 $ s- s G 
Yass Analyte’ v 8 z 0 g 5 2 

s 
$i 5 

s s 6 s s s s 
8 2 

HMW PAHs Paw 6951 
E 2 ii 2 i? 2 z: 

‘AH 
cl 

0.63 0.76 1.46 0.62 4.33 1.49 0.67 0.76 0.11 0.25 7.79E-03 0.47 0.28 0.22 0.23 0.71 0.04 

‘CB Total PCBs PW 1638 0.06 0.06 2.02 0.08 0.33 0.19 0.13 0.12 0.02 0.04 4.09E-03 0.07 0.06 0.04 0.04 0.05 8.40E-( 

‘ST o,p’-DDE PW 
SUM PRG-HQ 0.68 0.82 3.48 0.70 4.67 1.68 0.80 0.88 0.14 0.29 0.01 0.54 0.34 0.25 0.27 0.76 0.05 

MAX PRG-HQ 2.02 4.33 1.49 

Total HMW HMW 

MAX CoC PCBs PAHs PAHs 

VlET Arsenic ELU 24.63 0.26 0.38 0.47 0.35 0.51 0.42 0.41 0.44 0.30 0.39 0.14 0.46 0.30 0.36 0.31 0.28 0.46 

VlET Copper ELU 73.74 0.32 0.53 2.25 0.97 2.14 1.10 1.10 0.91 0.23 0.45 0.03 0.73 0.37 0.38 0.27 0.40 0.13 

VlET Lead ELU 83.94 0.43 0.48 1.80 0.93 2.21 0.95 0.96 1.49 0.48 0.57 0.17 0.94 0.68 0.74 0.64 0.50 0.20 

‘CB Total PCBs ELU 530 0.18 0.19 6.25 0.25 1.03 0.59 0.42 0.38 0.08 0.12 0.01 0.21 0.19 0.11 0.11 0.16 0.03 

‘ST o,p’-DDE ELU 9.06 0.01 0.17 7.20 0.18 0.55 0.63 0.40 0.03 0.07 0.10 0.03 0.03 0.01 0.01 0.08 0.12 0.04 

SUM PRG-HQ 1.19 1.75 17.97 2.69 6.44 3.69 3.29 3.24 1.16 1.63 0.37 2.37 1.54 1.61 1.41 1.46 0.86 

MAX PRG-HQ 0.43 0.53 7.20 0.97 2.21 1.10 1.10 1.49 0.48 0.57 0.94 0.68 0.74 0.64 0.50 

MAX PRG CoC 0$-DDE Lead Copper Copper Lead 

1 - Aquatic PRG-HQ = sediment CoC concentration(Table A-2.1A)/Aquatic pathway-specific Preliminary Remediation Goal (PRG) (Table 16). 

2 - Sum PRG-HQ = sum of PRG-HQs for all analytes at a given station. 
Max PRG-HQ = maximum PRG-HQs observed for all analytes at a given station. 

3 - PW - bedded sediment exposure pathway, CoCs measured in porewater (PW); ELU- Resuspended sediment exposure pathway, CoCs measured in sediment elutriates (ELU) 



Table A-IOB. PRG Hazard Quotients’ for CoCs in the aquatic exposure pathways for the Derecktor 
Shipyard/Coddington Cove study area: 

URI Investiaations. 

MAX CoC 

1ET IArsenic 
1ET /Copper 
1ET Lead 
CB Total PCBs 

I ELL 
ELL 
ELL 
ELU 

=j2fs&p 
MAX PRG CoC 

H 
B 
Fz L 

6951 
1638 

- 
24.63 
73.74 
83.94 
530 
9.06 

E E 2 
0.56 9.21 10.50 0.80 0.65 0.77 0.60 0.84 0.09 0.08 0.72 0.65 0.13 0.06 0.45 0.03 0.49 1.85 1.33 

0.04 0.13 0.45 0.12 0.06 0.08 0.04 0.09 0.02 0.01 0.40 0.11 0.01 0.01 0.03 0.01 0.15 0.18 0.13 

0.62 9.33 10.94 0.91 0.72 0.85 0.65 0.93 0.11 0.0s 1.12 0.75 0.14 0.08 0.48 0.04 0.64 2.03 1.46 

9.21 10.50 0.72 1.85 1.33 

HMW HMW HMW 
PAHs PAHs 

HMW 

PAHs PAHs 

0.62 2.67 3.56 0.85 0.71 0.78 0.38 1.03 0.05 0.17 1.10 0.73 0.25 0.11 0.25 0.09 0.23 1.11 0.91 

0.42 2.15 2.40 0.61 0.52 0.58 0.38 0.60 0.18 0.26 0.55 0.55 0.42 0.34 0.50 0.38 0.39 0.72 0.69 

0.13 0.39 1.38 0.37 0.20 0.25 0.14 0.28 0.05 0.02 1.24 0.33 0.04 0.04 0.10 0.02 0.46 0.55 0.41 

0.11 0.63 0.42 0.44 0.32 0.29 0.17 0.23 0.04 0.08 0.96 0.27 0.08 0.05 0.17 

1.27 5.85 , 7.76 , 2.28 / 1.75 , 1.90 , 1.07 , 2.15 , 0.33 , 0.54 , 3.86 , 1.88 , 0.79 j 0.54 1 1.03 / 0.:~ 1 :::; j ;::: / ;:;; 

0.62 ] 2.67 1 3.56 1 0.85 / 0.71 1 0.78 ) 0.38 ) 1.03 / 1 1.24 / 0.73 / / 0.50 1 copper Copper copper 
PCBs 

1 -Aquatic PRG-HQ = sediment CoC concentration(Table A-Z.lB)/Aquatic pathway-specific Preliminary Remediation Goal (PRG) (Table 16). 
2 -Sum PRG-HQ = sum of PRG-HQs for all analytes at a given station. 

0.46 1.11 / 0.91 

copper 

Max PRG-HQ = maximum PRG-HQs observed for all analytes at a given station. 
3 - PW - bedded sediment exposure pathway, CoCs measured in porewater (PW); ELU- Resuspended sediment exposure pathway, CoCs measured 

in sediment elutriates (ELU). 
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URI Investigations. 
II 1 

“% 
5 

5 2 8 
.$ g 
m 

Class Analyte* ii : 

PAH HMW PAHs p”w 6&l 

PCB Total PCBs PW 1638 

MAX CoC I 

~MET /Arsenic 1 ELU 1 24.63 

Table A-106 (continued). PRG Hazard Quotients’ for CoCs in the aquatic exposure pathways 
for the Derecktor ShipyardKoddington Cove study area: 

I 

HMW 

PAHs 

I I 

I- 

11 ! copper 

1 -Aquatic PRG-HQ = sediment COC concentration(Table A-2,1B)/Aquatic pathway-specific Preliminary Remediation 
Goal (PRG) (Table 16). 
2 - Sum PRG-HQ = sum of PRG-HQs for all analytes at a given station. 

Max PRG-HQ = maximum PRG-HQs observed for all analytes at a given station. 

3 - PW - bedded sediment exposure pathway, CoCs measured in porewater (PW); ELU- Resuspended sediment 

exposure pathway, CoCs measured in sediment elutriates (ELU). 
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Table A-l IA. PRG Hazard Quotients’ for CoCs in the avian predator exposure pathway for the Derecktor ShipyardlCoddington Cove study area 

MET II i L&d 

I 

622000 
MET Silver 2342 

0.44 0.36 
1.30E-04 2.01 E-04 
2.19E-04 3 47E-04 

1.42 1.71 

0.09 0.18 
6.43E-05 7.65E-05 
1 OlE-04 1 23E.04 

0.61 0.90 

0 05 
2.73E.05 

07E.05 2.77E.05 
0 85 040 

PCBs ZlflC PCBS MAX PRG CoC I 1 PCBs PCBs PCBs PCBs PCBs PCBs PCBs 

1 . Avian PRG-HQ = sediment CoC concentration (Table A.2 l)/Avian (HQ=l) Preliminary Remediation Goal (PRG) (Table 16). 



URI investigation. 

7 
Class AnalyteZ 

MET 1 Arsenic 

MET 

MET H I Copper 

Lead 

MET Silver 

MET Zinc 

PCB Total PCBs 

SUM PRG-HQ 

MAX PRG-HQ 

MAX PRG CoC 

Table A-l IB. PRG Hazard Quotients’ for CoCs in the avian predator exposure pathway for the Derecktor ShipyardKoddington Cove 

study area. 

A...- 
17.09 

184 

622000 

2342 

118 

92.82 

- 
- Avian F 

1.43 

3.23E-04 

5.41E-04 

10.47 

7.90 

19.80 

10.47 

2.10 j 1.14 j 1.42 1 0.79 

4.05 / 2.89 / 3.23 / 1.95 

2.10 ) 1.47 1 1.49 1 1.01 
TOtal 

0.41 0.02 0.07 0.44 0.29 0.10 0.04 0.10 0.03 
8.14E-05 2.39E-05 3.56E-05 7.41E-05 7.39E-05 5.66E-05 4.65E-05 6.76E-05 5.07E-05 

7.42E-04 3.13E-04 2.41E-04 5.23E-04 6.75E-04 2.72E-05 2.27E-05 2.28E-05 2.02E-05 

1.57 0.50 0.54 9.39 1.37 0.76 0.57 0.71 0.41 
1.60 0.30 0.13 7.09 1.90 0.24 0.25 0.59 0.10 
3.58 0.83 0.74 16.92 3.56 1.10 0.86 1.40 0.55 
1.60 9.39 1.90 

Total Total 
PCBs Zinc PCBS Zinc Zinc Zinc PCBs Zinc Zinc Zinc 

;-HQ = sediment CoC concentration (Table Ad.l)/Avian (HQ=l) Preliminary Remediation Goal (PRG) (Table 16). 
- ..- _--- .- 

2 -Sum PRu-HL~ = sum or wti.nus torall analytes at a gwen statloo. 

Max PRG-HQ = maximum PRG-HQs observed for all analytes at a given station 
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IJRI investigation. 

E 
Copper 0.09 0.44 0.36 0.43 

Lead 5.29E-05 9.68E-05 9.3OC05 124E-04 

Silver 228E-05 6.79E-05 1.71E-04 3.77E-04 

Zinc 0.61 1.39 1.19 1.34 

Table A-l IB (continued). PRG Hazard Quotients’ for CoCs in the avian predator exposure pathway for the 
ShipyardlCoddington Cove study area. 

2.63 3.15 2.33 3.95 
3.33 4.99 3.88 5.73 
2.63 3.15 2.33 3.95 
Total Total TO&II Total 

- 

i 

0.16 0.28 0.27 
6.73E-05 8.44E-05 8.71E-05 

3SlE-05 5.22E-05 5.22E-05 

1.49 1.21 1.19 

-g+-pg 

Total 
.~ 

0.08 
6.29E-05 

2.36E-05 

0.83 

0.28 
1.19 

PCBs PCBs PCBS PCBS Zinc PCBs PCBS 

- Avian PRG-HCl = sediment CoC concentration (Table A-P.l)/Avian (HQ=l) Preliminary Ren 

2 -Sum PRG-HQ = sum of PRG-HQs for all analpes at a given station. 

Max PRG-HQ = maximum PRG-HQs observed for all analytes at a given station. 

diation Goal (PRG) (Table 16) 
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Table A-12A. PRG Hazard Quotients’ for CoCs in the human health exposure pathway for the Derecktor ShipyardEoddington Cove study area. 

(MAXPRG-HQ 1 

I I MAX PRG CoC 1 

I- Human Health PRG-HQ = sediment ( 

5 w c; 3 8 s z i? 8 4 0 
k $ ii % k !z 

s 
5 

s 
4 
2 

9 q 
2 f? 5 2 

F 
5 

s s F 
ct 2 

; 
n 5 5 

0.32 0.48 0.59 0.44 0.63 0.52 0.52 0.55 0.37 0.49 0.17 0.57 0.38 0.45 0.38 0.34 0.58 

7.34 8.05 17.14 7.00 44.14 15.06 7.80 9.17 1.26 2.74 0.08 5.92 3.04 2.22 2.65 5.87 0.34 

7.66 8.53 17.72 7.44 44.77 15.58 8.32 9.73 1.63 3.23 0.25 6.49 3.41 2.68 3.04 6.22 0.92 

17.14 7.34 8.05 7.00 44.14 15.06 7.80 9.17 1.26 2.74 5.92 3.04 2.22 2.65 5.87 
Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) 

pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene 

2 concentratcon(Table A-Z.l)/HH (HQ=l) Preliminary Remediation Goal (PRG) (Table 16). 
2 Sum PRG-HQ = sum of PRG-HQs for all analytes at a given station. 

Max PRG-HQ = maximum PRG-HQs observed for all analytes at a given station. 
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Table A-13. Summary of maximum PRG-HQs and identification of Limiting CoCs by sampling location for 
aquatic, avian, and human health exposure pathways for the Derecktor Shipyard study area. 

.k 
E E 5 ? 

Exposure Pathway 8 Fi F.i 

Aquatic (A-B) PRGHQl,P 9.21 

Bedded Sediment 

I I 

L-cot 
HMW 
PAHs 

Aquatic (A-R) PRG-HQi,2 0.62 2.67 

Resuspended Sediment L-cot Copper 

Avian Predator (P) PRG-HQ7.3 1.27 5.04 

L-cot Zinc Zinc 

Human Health (HH) PRG-HQ1,4 3.04 61.57 

Combined 

L-CCC 
Benzo(a) Benzo(a, 

pvrene pvrene 

PRG-HQ ‘*’ 3.04 61.57 

Exposure 

‘Pathway 

L-CCC 
Benzo(a) Benzo(a: 

pyrene pyrene 
f&way HH HH 

? 
iii 

10.50 

HMW 
PAHs 

3.56 

Copper 

Zinc 

87.35 

3enzo(a) 
pvrene 

87.35 

3enzo(a) 
pyrene 

HH 
- 

- 

E 

E 

- 

Zinc 
Total 

I 

8.00 7.45 9.06 5.60 8.92 3.83 4.61 4.54 

3enzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) 
pvrene ovrene pvrene ovrene ovrene pvrene pvrene pvrene 

8.00 7.45 9.06 5.60 8.92 3.83 4.61 4.54 

3enzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) 
pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene 

HH HH HH HH HH HH HH HH 

PRG-HQ=Preliminary Remediation Goal Hazard Quotient. L-CoC=Limiting Chemical of Concern. See text, 
Section 1 .O. PRG-HQs<l not reported. 
1 - PRG-HQ = analyte pathway-specifc concentration/analyte-pathway-specific TEV value. 
2 - Values presented are maximum of Aquatic PRG-HQs by station. Complete PRG-HQ 
values presented in Tables A-IOA and A-IOB. 
3 -Values presented are maximum of Avian Predator PRG-HQs by station. Complete PRG-HQ 
values presented in Table A-l 1A and A-l 1 -B. 
4 - Values presented are maximum of Human Health PRG-HQs by station. Complete PRG-HQ 
values presented in Table A-l 2A and A-12B. 
5 - Values presented are maximum of individual exposure pathway PRG-HQs by station. 
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Aquatic (A-B) PRG-HQ1,2 

Bedded Sediment L-cot 

Aquatic (A-R) PRG-HQI,S 

Resuspended Sediment L-COG 

Avian Predator (P) PRG-HQ?,3 

Combined 

Exposure 

Pathway Pathway 

Table A-l 3 (continued). Summary of maximum PRG-HQs and identification of Limiting CoCs by sampling 
location for aquatic, avian, and human health exposure pathways for the Derecktor Shipyard study area. 

1.85 1.33 

HMW HMW 
PAHs PAHs 

1.11 0.91 

Copper 

2.94 

HMW 
PAHs 

1.08 

2.63 3.15 2.33 

Total Total Total 
PCBS PCBs PCBs 

5.76 22.07 9.20 

Benzo(a) Benzo(a) Benzo(a) 
tovrene uvrene Dvrene 

5.76 22.07 9.20 

Benzo(a) Benzo(a) Benzo(a) 

Copper 
-__ 

3.95 

Total 
PCBs 

16.33 

Benzo(a) 
pvrene 

16.33 

Benzo(a) 
pyrene 1 pyrene ( pyrene pyrene 

HH 1 HH 1 HH HH - 

3 v 5 q ti s : a 
z 0 ?; 25 I2 z s s b s 6 s ? 4 

D D k2 0” z L11 0” 
25 
D z 

25 
2 D L11 

2.02 4.33 1.49 

Total Total HMW HMW HMW HMW 
PCBS PCBS PAHs PAHs PAHs PAHs 

0.50 0.50 0.70 0.70 0.46 0.46 0.43 0.43 0.53 0.53 7.20 7.20 0.97 0.97 2.21 2.21 1.10 1.10 1.10 1.10 1.49 1.49 

o,p’-DDE o,p’-DDE Lead Lead Copper Copper Copper Copper Lead Lead 

1.49 1.49 1.92 1.92 1.62 1.62 1.01 1.01 1.06 1.06 35.66 35.66 1.44 1.44 5.89 5.89 3.40 3.40 2.38 2.38 2.16 2.16 

Zinc 
Total Total Total Total Total Total Total Total Total Total 
PCBs PCBs PCBs PCBs PCBs PCBs PCBs PCBs PCBs PCBs 

2.03 3.38 4.44 1 .Ol 7.34 8.05 17.14 7.00 44.14 15.06 7.80 9.17 
I I I I I I 1 I I I I 

Benzo(a) 1 Benzo(a) 1 Benzo(a) 1 Benzo(a) 1 Benzo(a) 1 Benzo(a) 1 Benzo(a) 1 Benzo(a) 1 Benzo(a) 1 Benzo(a) [ Benzo(a) 1 Benzo(a) 

wrene I wvrene I wvrene I wvrene I pvrene I Dvrene I Dvrene I wvrene I Dvrene I tsfrene I Dvrene ( Dvrene 

2.03 3.38 4.44 1 .Ol 7.34 8.05 17.14 7.00 44.14 15.06 7.80 9.17 

Benzo(a) Benzo(a) Benzo(a) Benzo(a) Eenzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) Benzo(a) 
pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene pyrene 

HH HH HH HH HH HH HH HH HH HH HH HH 

PRG-HQ=Preliminary Remediation Goal Hazard Quotient. L-CoC=Limiting Chemical of Concern. See text, 
Section 1 .O. PRG-HQs<l not reported. 
1 - PRG-HQ = analyte pathway-specifc concentration/analyte-pathway-specific TEV value. 
2 - Values presented are maximum of Aquatic PRG-HQs by station. Complete PRG-HQ 
values presented in Tables A-l OA and A-l OB. 
3 - Values presented are maximum of Avian Predator PRG-HQs by station. Complete PRG-HQ 
values presented in Table A-l IA and A-l 1-B. 
4 -Values presented are maximum of Human Health PRG-HQs by station, Complete PRG-HQ 
values presented in Table A-12A and A-12B. 
5 -Values presented are maximum of individual exposure pathway PRG-HQs by station. 
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Table A-l 3 (continued). Summary of maximum PRG-HQs and identification of Limiting CoCs by sampling 
location for aquatic, avian, and human health exposure pathways for the Derecktor Shipyard study area, 

IExposure Pathway 1 1 

Aquatic (A-B) PRG-HQl,2 

Bedded Sediment L-cot 

Aquatic (A-R) PRG-HQl,2 

Resuspended Sediment L-Ccc 

Avian Predator (P) PRG-HQ1,3 

L-COC 

Human Health (HH) PRG-HQl,4 

L-COG 

Combined PRG-HQ ‘A 

Exposure L-cot 

Pathway Pathway 

I , 

1.23 1.08 

0.74 / 0.64 / 0.50 1 

I I 

pyrene 1 pyrene 1 pyrene I 
HH 1 HH ( HH 1 

PRG-HQ=Preliminary Remediation Goal Hazard Quotient. L-CoC=Limiting Chemical of Concern. See text, 
Section 1 .O. PRG-HQs<l not reported. 
1 - PRG-HQ = analyte pathway-specifc concentration/analyte-pathway-specific TEV value. 
2 - Values presented are maximum of Aquatic PRG-HQs by station. Complete PRG-HQ 
values presented in Tables A-IOA and A-IOB. 
3 -Values presented are maximum of Avian Predator PRG-HQs by station. Complete PRG-HQ 
values presented in Table A-l IA and A-l 1-B. 
4 - Values presented are maximum of Human Health PRG-HQs by station. Complete PRG-HQ 
values presented in Table A-12A and A-128. 
5 - Values presented are maximum of individual exposure pathway PRG-HQs by station. 
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APPENDIX C 

VOLUME CALCULATION FOR SEDIMENTS WITH COCs EXCEEDING PRGs 



Derivation of Sediment Volume 
Exceeding PRGs 

Former Robert E. Derecktor Shipyard Feasibility Study 
NSN - Newport Rhode Island 

To derive the volumes of sediment that exceed PRGs, the concentrations of contaminants 
detected in samples collected during all phases of the investigations at the site were compared to 
the PRGs. The PRGs were developed as described in Section 2 of the FS report. The full PRG 
document is provided in Appendix B of the FS report. 

The limitations for calculation of volumes of sediment using this approach are located primarily in 
the number of samples. The coverage was fairly even across the study area, however, each 
sample represents a large surface area. In addition, at many locations, only surface samples 
were collected (from depth intervals of O-O.5 feet below sediment surface). From the available 
data points, the assumptions have been made that sediments surrounding that point up to a line 
determined to be equidistant from the next sample point have the same conditions as were 
measured at that sample point. (i.e. the sample is representative of all the sediment within its 
polygon (Figure 3.3-14, Appendix B). By making this assumption, the horizontal and vertical 
location of the sample can be used to estimate a surface area and volume of sediment that each 
represents. 

The surface area that lies within each polygon is calculated using the Computer Aided Design 
(CAD) software that is used to prepare the maps. This surface area can be also calclulated using 
a planimeter. 

The depth of the affected sediment is also determined based on the samples taken within the 
polygon. The depth of the sediment assumed to be above PRGs for the entire polygon is 
determined based on the deepest interval sampled that provided a result indicating an excess of 
the PRGs. At locations where only surface sediment was collected, this approach results in a 
high possible error. However, at locations where samples were collected at depth, sediments 
were found at the lowest intervals to have contaminant concentrations below PRGs, 
demonstrating the vertical extent of contamination above PRGs. 

Using these assumptions, the volume of sediment was calculated as follows: 

SA *D= Vf 

Where: SA = Surface Area in square feet 
D= Depth in feet 
Vf = Volume in cubic feet 

And to convert to cubic yards, using 27 cubic feet to a cubic yard: 

Vf/27= vy 



The table below shows the resulting volumes for this calculation 

Sample/Polygon Surface Area 
Number (square feet) 

2 149,117 
3 44,566 
18 536,482 
20 172,773 
27 241,839 
28 110,465 
29 151,440 
30 400,038 

Depth of Sample Volume 
m 
0.5 
0.5 
0.5 
0.5 
0.7 
3.8 
0.9 
0.5 

(CY) - 
2,761 
825 

9,935 
3,200 
6,270 
15,547 
5,048 
7,408 

Total 1,806,720 50,994 -J 



Table A 
EXCEEDANCES OF RECOMMENDED PROS 
AQUATIC RECEPTOR-BEDDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 

NEWPORT. RHODE ISLAND 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UGIKG) ~__ --~ .---.-___.- -- ..-.- ~-.. _-~~ 

TAB2-2Axls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 1 of8 



Table A 
EXCEEDANCES OF RECOMMENDED PRGs 

AQUATIC RECEPTOR-BEDDED SEDIMENT 

, FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 

NEWPORT, RHODE ISLAND 

Sample Location -.- 

Date Sampled ~____.__. 

Recommended DSY-9 

PRG 0.0-0.1 __. 

DSY-10 DSY-11 DSY-12 DSY-13 DSY-14 DSY-15 DSY-16 --..-~ 

0.0-0.1 0.0-0.1 0.0-O. 1 0.0-O. 1 0.0-O. 1 _-~ 0.0-0.1 0.0-0.1 -__ 

Depth In Feet 1 l/3/93 1 l/3/93 Ill3193 1 l/3/93 6/l 3194 6113194 6113194 6/l 3194 

Polyaromatic Hydrocarbons (PAH) (UGIKG) _l-._l_-~ ----- ___- _ ____ - ___ ~--~- ~__. 

High Molecular Weight PAHs 13,903 617 NV 536 NV 4,991 NV 4,494 NV 073 NV 436 NV 3,129 NV 237 NV 

PCB (UG/KG) .~-__. .~ -- ~____. .~ 

Total PCBs 1,638 28 NV 12 NV 658 NV 176 NV 22 NV 23 NV 56 NV 9 NV 

TAB2.2A.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantttation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 2of8 



Table A 
EXCEEDANCES OF RECOMMENDED PROS 

AQUATIC RECEPTOR-BEDDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 

NEWPORT, RHODE ISLAND 

TAB2-2A.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 3 of 8 



Table A 

EXCEEDANCES OF RECOMMENDED PROS 
AQUATIC RECEPTOR-BEDDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAlNlNG CENTER 

NEWPORT, RHODE ISLAND 

Polyaromatic Hydrocarbons (PAH) (UG/KG) .___-___ 

PCB (UG/KG) ______I_ 

Total PCBs 

-__-~ -.. ; . . . ,... . . 

1,638 1,380 2 91 2 134 z 430 z 204 Z 

TAB2-2A.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quanlitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 4of8 



Table A 
EXCEEDANCES OF RECOMMENDED PROS 
AQUATIC RECEPTOR-BEDDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAfNlNG CENTER 

NEWPORT, RHODE ISLAND 

Sample Location Recommended DSY-28 ~---I_~-- ----.-- -----~-.- .-_... __ DSY-27 DSY-29 DSY-29 DSY-29 ~~~ -- ~_._~____ DSY-29 DSY-30 DSY-30 

Date Sampled PRG 
__- 

3.4-3.8 4.3-4.6 __- 0.0-0.5 0.0-0.5 0.5-0.9 1.4-1.8 0.0-0.5 0.6-0.9 -.____ -- 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UG/KG) ~~....--__I~ ~. __--~.__ .--_ -~ 

High Molecular Weight PAHs 

PCB (UG/KG) 

Total PCBs 

--~ ----.~ ._._ --~ ~~ ~___ __- 

1,638 17 z 72 546 Z 936 Z 81 Z 32 315 z 13 2 

TAB2-2A.xls 
Botd - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 5of8 



Table A 
EXCEEDANCES OF RECOMMENDED PROS 
AQUATIC RECEPTOR-BEDDED SEDIMENT 

t FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAJNING CENTER 

NEWPORT, RHODE ISLAND 

Sample Location -- --.___ _~__ 

Date Sampled 

Depth In Feet 

Recommended DSY-39 DSY-31 DSY-31 DSY-31 DSY-32 DSY-33 DSY-34 ..~ -__ DSY-34 DSY-34 .~-____-___-~ . ~..----.-_.-. 

PRG 2.2-2.6 0.0-0.5 1.5-1.8 3.3-3.6 0.0-0.5 0.0-0.5 0.0-0.5 ____ .~ 0.7-I .o 2.3-2.6 ~.- -. ------ ____ .~~ 

1 i/16/95 10/12/95 1 i/16/95 1 i/16/95 9128195 9128195 10/12/95 11/16/95 1 l/16/95 -3=-=~c____=~~-~-----= 

Polyaromatic Hydrocarbons (PAH) (UGIKG) --_____ -____-.- 

High Molecular Weight PAHs 

- 

13,903 92 2,409 z 744 z 13 z Z 391 2,898 z 860 z 127 Z 72 

PCB (UG/KG) 

Total PCBs 

~___~ ~. - ..--- ~-- ~.-__ -_-_____ 

1,638 5Z 221 z 147 z 32 201 z 40 z 65 Z 21 z 52 

TAB2-2A.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

’ - From dilution analysis: R - Rejected; NA - Not Analyzed; NV - Not Validated 6 of 8 



Table A 

EXCEEDANCES OF RECOMMENDED PROS 
AQUATIC RECEPTOR-BEDDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAlNlNG CENTER 

NEWPORT, RHODE ISLAND 

Sample Location Recommended DSY-35 DSY-36 DSY-36 DSY-36 .~--___ - DSY-37 DSY-38 - ..--- DSY-39 DSY-40 DSY-41 .~~ --__I_ - 

Date Sampled PRG 0.0-0.5 0.0-0.5 1.3-1.6 3.0-3.3 ~--___ 0.0-0.5 __I~-. __ 0.0-0.5 .._ -.--.-~-.-.. 0.0-0.5 0.0-o-5 ~. 0.0-0.5 .- -.- ---_._ ~-__ 

Depth In Feet 10/12/95 9128195 11116/95 1 l/16/95 9128195 g/28/95 10/12/95 10/12/95 10112/95 

Polyaromatic Hydrocarbons (PAH) (UGIKG) -.- .__ 

High Molecular Weight PAHs 

--.~~- ._I_ 

13,903 25 z 1,703 z 2,129 z 53 z 1,116 z 844 Z 831 Z 3,017 z 144 z 

PCB (UGiKG) 

Total PCBs 

~~. ..~.___ ~_.~.____ .~ _.._ _ ~-~ .--- ~. ~ ._-. ~--- -_-.~. 

1,638 72 113 z 393 z 42 100 z 59 z 58 Z a4 z 14 z 

TAB2-2A.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

* - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 7 of 8 



Table A 
EXCEEDANCES OF RECOMMENDED PROS 
AQUATIC RECEPTOR-BEDDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAJNING CENTER 

NEWPORT, RHODE ISLAND 

I I I I I 
Sample Location -- -- .-~- 

Date Sampled ___~- 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UGIKG) 

Recommended JPC-1 -- .__._~ 

PRG 0.0-0.5 -~-_..~~.-___-_ 

1 o/i 9195 

High Molecular Weight PAHs 13,903 365 Z 

PCB (UG/KG) 

Total PCBs 1,638 19 z 

TAB2-2A.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated a of a 



Table B 
EXCEEDANCES OF RECOMMENDED PRGs 

AQUATIC RECEPTOR-RESUSPENDED SEDIMENT 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAtNlNG CENTER 

NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled 

Depth In Feet 

PCB (UG/KG) 

Recommended 

PRG 

DSY-1 

0.0-0.1 

Ill3193 

DSY-2 

0.0-O. 1 

Ill3193 

DSY-4 

0.0-0.1 

1 l/3/93 

DSY-5 

0.0-0.1 

11/3/93 

DSY-7 

0.0-O. 1 

Ill3193 

DSY-a 

0.0-0.1 

1 I/3/93 

DSY-9 DSY-lo 

0.0-0.1 0.0-O. 1 

1 II3193 1 l/3/93 

Total PCBs 

Metals (MG/KG) 

Lead 

1,060 68 NV 209 NV 733 NV 195 NV 10.5 NV 132 NV 73 NV 148 NV 28 NV 12 NV 

.- - - ..~~ 

168 51 NV 43 NV 49 NV 32 NV 51 NV 15 NV 22 NV 

Bold - PRG Exceeded; U or ND - Not detected; J - Quantitation approximate; 
Z - Calculated Value; l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 1 of7 



Table B 

EXCEEDANCES OF RECOMMENDED PRGs 
’ AGUATIC RECEPTOR-RESUSPENDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAtNlNG CENTER 

NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled 

Depth In Feet 

PCB (UGIKG) 

Total PCBs 

Metals (MGIKG) _I_ 

Lead 

Recommended DSY-II DSY-12 DSY-13 DSY-14 DSY-15 DSY-16 DSY-17 DSY-18 DSY- 19 DSY-20 

PRG 0.0-0.1 0.0-0.1 0.0-0.1 0.0-O. 1 0.0-O. 1 0.0-0.1 0.0-O. 1 0.0-O. 1 0.0-0.1 0.0-O. 1 ---_ 

1 II3193 1 l/3/93 6f 13194 6/l 3194 6113194 6/13/94 6/13/94 6113194 6113194 6/I 3194 

-- -- ..~ 

1,060 658 NV 176 NV 22 NV 23 NV 55 NV 9 NV 244 NV 293 NV 217 NV 367 NV 

168 46 NV 46 NV 35 NV 29 NV 42 NV 32 NV 33 NV 60 NV 58 NV 77 NV 

TAB2-2Bxls 
Bold - PRG Exceeded; U or ND - Not detected; J - Quantitation approximate; 

Z - Calculated Value; l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 2 of 7 



Table B 
EXCEEDANCES OF RECOMMENDED PRGs 

AQUATIC RECEPTOR-RESUSPENDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAlNlNG CENTER 

NEWPORT, RHODE ISLAND 

TAB2-2B.xls 
Bold - PRG Exceeded; U or ND - Not detected; J - Quantitation approximate; 

Z - Calculated Value; l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 3 of 7 
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Table B 

EXCEEDANCES OF RECOMMENDED PRGs 
t AQUATIC RECEPTOR-RESUSPENDED SEDIMENT 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 

NEWPORT, RHODE ISLAND 

Sample Location Recommended DSY-34 DSY-34-D DSY-34 DSY-35 DSY-36 -. DSY-36 DSY-36 DSY-36-D -~ .~ ~-~ ____-- 

Date Sampled PRG 0.7-1.0 0.7-1.0 2.3-2.6 0.0-0.5 0.0-0.5 1.3-1.6 .__I_ 3.0-3.3 3.0-3.3 -._______ ___- ~~ ~.___ 

Depth In Feet 11/16/95 1 i/16/95 1 l/16/95 10/12/95 g/28/95 11116l95 11/16/95 1 l/16/95 

PCB (UG/KG) - 

Total PCBs 

Metals (MO/KG) - 

Lead 

1,060 21 z NA 5z 72 113 z 393 z 42 NA 

-~- ..~____ .~~ 

168 25 23 26 14 79 113 34 21 

TAB2-2B.xls 
Bold - PRG Exceeded; U or ND - Not detected; J - Quantitation approximate: 

Z - Calculated Value: * - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated 6 of 7 



Table B 
EXCEEDANCES OF RECOMMENDED PRGs 

AQUATIC RECEPTOR-RESUSPENDED SEDIMENT 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAINING CENTER 

NEWPORT, RHODE ISLAND 

Sample Location Recommended DSY-37 DSY-36 DSY-39 DSY-40 DSY-41 JPC-I JPC-1-D JPC-2 JPC-2-D 

Date Sampled PRG 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 __- -~___-- 0.0-0.5 

Depth In Feet 9128195 9128195 fOIl2l95 10/12/95 10/12/95 10/19/95 1 O/l 9/95 lOl27l95 1 O/27/95 

PCB (UG/KG) .~ .___- ~~~ .~_I_ ~- ~~_____ - 

Total PC& 1,060 100 z 59 z 58 z a4 z 14 z 19 z NA NA NA 

Metals (MGIKG) ..~____l__l -- ~~ 

Lead 168 57 62 54 42 17 30 28 53 46 

TAB2-2B.xls 
Bold - PRG Exceeded; U or ND - Not detected: J - Quantitation approximate; 

Z - Calculated Value; l - From dilution analysis; R - Rejected; NA - Not Analyzed: NV - Not Validated 7of7 



Table C 
EXCEEDANCES OF RECOMMENDED PROS 

SUBSISTENCE FISHERMAN - SHELLFISH AND LOBSTER 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAtNlNG CENTER 

NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled ___.. 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UG/KG) 

Recommended DSY-1 

PRG 0.0-0.1 

1 t/3/93 

DSY-2 DSY-3 DSY-4 DSY-5 DSY-6 DSY-7 DSY-6 DSY-9 

0.0-0.1 0.0-0.1 0.010.1 0.0-0.1 0.0-O. 1 0.0-0.1 0.0-0.1 0.0-O. 1 _- 

1 I/3/93 1 l/3/93 1 l/3/93 1 l/3/93 1 l/3/93 lll3i93 11 t3/93 1 l/3/93 

Benzo(a)pyrene 488 Nv 302 NV 481 NV 49 NV 

TAB2-2C.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

+ - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated I - Interference, no quantitation made I of7 



Table C 
EXCEEDANCES OF RECOMMENDED PRGs 

SUBSISTENCE FISHERMAN - SHELLFISH AND LOBSTER 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAJNING CENTER 

NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled - 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UG/KG) 

Recommended DSY-10 

PUG 0.0-0.1 .-__ 

1113f93 

DSY-11 DSY-12 

0.0-0.1 0.0-0.1 

1 I/3/93 1 t/3/93 

DSY-13 

0.0-0.1 ~.___ 

6113194 

DSY-14 DSY-15 DSY-16 DSY-17 DSY-18 

0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1 0.0-0.1 

6/13/94 6/t 3194 6f13194 6113194 6/13/94 

Benzo(a)pyrene 539 38 NV 206 NV 249 NV 44 NV 26 NV 245 NV 12 NV 

TAB2-2C.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated I - Interference, no quantitation made 2 of 7 



Table C 
EXCEEDANCES OF RECOMMENDED PROS 

SUBSISTENCE FISHERMAN-SHELLFISH AND LOBSTER 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAlNlNG CENTER I 

NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled - 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UG/KQ) 

Recommended DSY-19 

PRG 0.0-O. 1 ~-. 

6113194 

DSY-20 DSY-21 DSY-22 DSY-23 DSY-24 DSY-25 DSY-26 DSY-27 

0.0-0.1 0.0-0.1 0.0-0.1 0.0-O. 1 0.0-O. 1 0.0-0.5 0.0-0.5 0.0-0.5 ~__~~ 

6113194 6/I 3194 6/I 3194 6/l 3/94 603194 s/28/95 10/19/95 10/12/95 

TAB2-2C.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated I - Interference, no quantitation made 3 of 7 



Table C 
EXCEEDANCES OF RECOMMENDED PROS 

SUBSISTENCE FISHERMAN - SHELLFISH AND LOBSTER 
FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAlNlNG CENTER 

NEWPORT, RHODE ISLAND 

Sample Location Recommended DSY-27 DSY-27 DSY-28 DSY-28 DSY-28 DSY-28 DSY-28 DSY-29 DSY-29-D 

Date Sampled PRG 0.3-0.7 1.3-1.5 0.0-0.5 0.8-1.1 2.5-2.8 3.4-3.8 4.3-4.6 0.0-0.5 0.0-0.5 __. ___ 

TAB2-2C.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; 2 - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated I - Interference, no quantitation made 4 of 7 



Table C 
EXCEEDANCES OF RECOMMENDED PRQs 

SUBSISTENCE FISHERMAN - SHELLFISH AND LOBSTER 

FORMER ROBERT E. DERECKTOR SHIPYARD 
NAVAL EDUCATION AND TRAtNlNG CENTER 

NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled 

Depth In Feet 

Polyaromatio Hydrocarbons (PAH) (UG/KG) 

Benzo(a)pyrene 

Recommended DSY-29 DSY-29 DSY-30 DSY-30 DSY-30 DSY-31 DSY-31 DSY-31 DSY-32 DSY-33 

PRG 0.5-0.9 1.4-1.8 0.0-0.5 0.6-0.9 2.2-2.6 0.0-0.5 1.5-1.8 3.3-3.6 0.0-0.5 0.0-0s 

1 l/16/95 1 I/16/95 10112/95 1 l/16/95 1 l/16/95 10/12/95 1 l/16/95 1 l/16/95 9128195 S/28/95 

TAB2-2C.xls 
Bold - Exceeds PRG: U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated I - Interference, no quantitation made 5 of 7 



Table C 
EXCEEDANCES OF RECOMMENDED PROS 

SUBSISTENCE FISHERMAN - SHELLFISH AND LOBSTER 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NAVAL EDUCATION AND TRAtNlNG CENTER 

NEWPORT, RHODE ISLAND 

Sample Location Recommended DSY-34 DSY-34 DSY-34-D DSY-34 DSY-35 DSY-36 DSY-36 DSY-36 DSY-36-D 

Date Sampled PRG 0.0-0.5 0.7-1.0 0.7-1.0 2.3-2.6 0.0-0.5 __._____~______. 0.0-0.5 1.3-1.6 3.0-3.3 3.0-3.3 

Depth In Feet lOl12l95 1 t/16/95 1 l/16/95 1 i/16/95 10/12/95 9128195 1 l/16/95 1 i/16/95 1 l/16/95 

Polyaromatic Hydrocarbons (PAH) (UGIKG) 

Benzo(a)pyrene 539 148 21 NA 2 ND 4J 319 432 10 NA 

TAB2-2C.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated I - Interference, no quantitation made 6 of 7 



Table C 
EXCEEDANCES OF RECOMMENDED PRGs 

SUBSISTENCE FISHERMAN - SHELLFISH AND LOBSTER 
FORMER ROBERT E. DERECKTOR SHIPYARD 

NAVAL EDUCATION AND TRAfNlNG CENTER 

I NEWPORT, RHODE ISLAND 

Sample Location 

Date Sampled 

Depth In Feet 

Polyaromatic Hydrocarbons (PAH) (UG/KG) 

Benzo(a)pyrene 

Recommended DSY-37 DSY-36 DSY-39 DSY-40 DSY-41 JPC-1 JPC-1-D JPC-2 JPC-2-D 

PRG 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 0.0-0.5 

9128195 9128195 lOl12l95 10/12/95 10/12/95 10/19/95 10/19/95 1 o/27/95 1 o/27/95 

539 164 120 143 317 19 63 NA NA NA 

TAB2-2C.xls 
Bold - Exceeds PRG; U or ND - Not detected; J - Quantitation approximate; Z - Calculated Value 

l - From dilution analysis; R - Rejected; NA - Not Analyzed; NV - Not Validated I - Interference, no quantitation made 7 of 7 



APPENDIX D 

COST ESTIMATES FOR SELECTED REMEDIAL ALTERNATIVES 



Tetra Tech NUS, Inc. 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis, Derecktor Checked by: SP 
ShipyardKoddington Cove FS, Alt-l , CT0 302 

Date: 7/15/99 

Alternative 1: No Action 

ASSUMPTIONS: 

1. 5-year reviews at 200 LOE Q $1 OO/hr. Approx. $1500 ODCs. Total = $21,500 per event. 
Reviews to occur’in years 5, 10, 15, 20, 25, and 30. 



Tetra Tech NlJS, Inc. Calculation ,Sheet 
Client: 
Subject: Assumptions and Cost Basis, Derecktor Checked by: SP 

1 ShipyardKoddington Cove FS, Alt-2, CT0 302 

Alternative 2: Limited Action 

ASSUMPTIONS: 

1. Lonq-term Monitoring: 

- Sediment chemistry (PCBs, PAHs, metals, Simultaneously Extracted Metals/Acid Volatile 
Sulfides (SEM/AVS)); 8 samples plus 2 QC samples 
- Elutriate chemistry (PCBs, PAHs, metals; 8 samples plus 2 QC samples 
- Biota chemistry 8 samples for lobster and bivalves, plus 2 QC samples each (PCBs, PAHs, 
metals); 
- Toxicity Amphipod; IO samples 
- Toxicity Arabacia; 10 samples 

Labor: 1 event/year. 

- Sediment sampling: Sample collection with equipment and crew = approximately 
$485/sample. Collection of 10 sediment and 10 elutriate samples = $9,700 (QC samples 

collected at no additional cost) 
- Biota sampling : Sample collection with equipment and crew = approximately $1043/sample. 

Collection of 20 samples = $20,860 
- Proj. mgmt/coord. = 30 hours/year @ $80/hr (w/O&P) = $2,400 
- Annual: add $500 M&IE; ODCs & supplies 8 $300; & shipping Q $300. 
- Data Validation $5,040. 
- Report prep. $9,315. 

Total Labor z $48,415 annuallv for vears l-30 

Estimated analvtical costs: 

- Sediment chemistry (PCBs, PAHs, metals, SEM/AVS) $1537/sample @ 10 samples/yr = a5.370 
- Elutriate chemistry (PCBs, PAHs, metals) $1367/sample @ 10 samples/yr = $13,670 
- Biota chemistry (PCBs, PAHs, metals) 8 $1367/sample Q 10 samples/yr = $13,670 
- Toxicity Amphipod Q $863/sample 8 10 samples/yr = $8,630 
- Toxicity Arabacia @ $6621 sample Q 10 samples/yr = $6,620 

Total Analytical = $57,960 annuallv for vears l-30 

2. Access Restriction and Institutional Control 

l Installation of six buoys USCG fifth class: steel buoys 8’ tall and 2’ diameter warning “cans” 
purchase and install at $2,000 each for a total of 12,000. 

. Purchase of two warning placards 6’x6’ stating access restriction and installation at outermost 
point of Piers 1 and 2, at $1,200 each or $2,400. 

l Maintenance of buoy moorings and tethers of $200 each buoy every two years for 30 years or 
$18,000. 

l Maintenance of buoys at $500 each buoy every 6 years for 30 years or $15,000. 



Tetra Tech NW, Inc. 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis, Derecktor Checked by: SP 
ShipyardKoddington Cove FS, Alt-2, CT0 302 

Date: 7115199 

l Fencing at Coddington Cove Breakwater: chain link fence 8 feet high with security wire at top, 
approximately 50 foot length at $28 per foot or $1400. 

l Institution of ban on shellfish and lobster collection within described area: Legal action to 
institute use restriction: lump sum of $4,000. 

l Description of area on permit paperwork distributed with collection permits, posting at local 
water access points and fishing piers annually for 30 years $500 per year or $15,000. 

l RIDEM fisheries enforcement visits after notification of trespass and suspicious activity by 
NETC police: 2 events per year requiring 2 officers, one boat and miscellaneous equipment 
for one hour on each visit: $240 per visit or $14,400. 

3. 5-year reviews at 200 LOE @ $1 OOlhr. Approx. $1,500 ODCs. Total = $21,500 per event 
Reviews to occur in years 5, 10, 15, 20, 25, and 30. 



Tetra Tech NW, Inc. 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis Derecktor Checked by: SP 
ShipyardKoddington Cove FS, Alt-SA, CT0 302 

Date: 7115199 

Alternative 3A: Limited Removal and Off-Base Disposal 

ASSUMPTIONS: 

CAPITAL COST ITEMS: 

1. Pre-Desiqn lnvestiaation 

- Sediment sampling to further determine the grain size and nature of the sediments and to 
delineate lateral and vertical extent of contaminants exceeding the PRGs. Assume 34 soil borings at 
an average 5-foot depth with associated analytical costs for PCBs, PAHs, Metals and geotechnical 
testing. Mob./demob. @ $13,500. Sample collection @ $800 each or $27,200. Analytical Q 
$130/sample for 136 screening analysis samples, and 20% split samples for laboratory analysis at 
$465 or $30,328. Data validation $3,427. Reporting Q $12,465. Oversight and management Q 
$12,500. Total costs = $99,400.- Bench-scale treatability study to determine method to dewater 
dredged sediment and necessary treatment for the water generated as a result of dewatering of 
these dredged sediments. Assume the study will include preparation of a work plan detailing the 
planned study; sample collection; shipment of sample to Pittsburgh, PA for testing; treatability testing 
to be conducted .by one person for approximately one week (to include solids separation, metals 
precipitation, and carbon absorption); analysis of associated water samples for metals, PAHs, and 
PCBs; and preparation of a report summarizing the results of the testing. Total cost is estimated at 
$50,000. 

- Review of existing information and additional field investigaitons to identify and evaluate habitats 
and wetlands that will or may be impacted by the alternative. Review of existing information - 
$5,000, biologists inspection of the seafloor to be dredged (five dives for each area to be dredged) - 
$15,300, evaluation report - $10,200. Total cost is estimated at $30,500. 

2. Lonq-term Monitorinq. Stations 18 and 30 only: 

- Sediment chemistry (PCBs, PAHs, metals, Simultaneously Extracted Metals/Acid Volatile 
Sulfides (SEWIIAVS)); 2 samples plus 1 QC sample 
- Biota chemistry 2 samples each of lobster and hard clam (PCBs, PAHs, metals); 

Labor: 1 event/year. 

- Sediment sampling: Sample collection with equipment and crew = approximately 
$485/sample. Collection of 2 samples = $970 (QC samples collected at no additional cost) 

- Biota sampling : Sample collection with equipment and crew = approximately $1043/sample. 
Collection of 4 samples = $4,172 

- Proj. mgmt/coord. = 30 hours/year Q $80/hr (w/O&P) = $2,400 
- Annual: add $200 M&IE; ODCs & supplies 8 $300; & shipping Q $300. 
- Data Validation $3,024. 
- Report prep. $4,658, 

Total Labor g $16,024 annuallv for vears l-30 

Estimated analvtical costs: 

- Sediment chemistry (PCBs, PAHs, metals, SEM/AVS) $1537/sample Q2 samples/yr = $3,074 
- Biota chemistry (PCBs, PAHs, metals) Q $1367/sample 8 4 samples/yr = $5,468 

Total Analytical g $8,542 annuallv for vears l-30 



Tetra Tech NW, Inc. 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis Derecktor Checked by: SP 
ShipyardKoddington Cove FS, Alt-3A, CT0 302 

Date: 7/l 5199 

2. Access Restriction and Institutional Control 

l Installation of six buoys USCG fifth class: steel buoys 8’ tall and 2’ diameter warning “cans” 
purchase and install at $2,000 each for a total of 12,000. 

l Purchase of two warning placards 6’x6’ stating access restriction and installation at outermost 
point of Piers 1 and 2, at $1,200 each or $2.400. 

l Fencing at Coddington Cove Breakwater: chain link fence 8 feet high with security wire at top, 
approximately 50 foot length at $28 per foot or $1400. 

l Institution of ban on shellfish and lobster collection within described area: Legal action to 
institute use restriction: lump sum of $4,000 

3. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities, 
delivery and removal of major construction equipment, and providing all other facilities and Imaterials 
needed by the management staff. 

4. It is assumed that subgrade preparation will be required prior to dredging the contaminated 
sediments. Miscellaneous debris (cable, conduit, piping, etc.) will be removed from the sediments 
with diver assistance and cranes. 

5. Erosion controls will be provided to reduce the migration of sediments during the dredging operations 
by means of a silt boom. The silt boom will be anchored around the perimeter of the dredge area. 

6. This alternative requires the dredging of all sediments exceeding the recommended PRGs for 
aquatic receptors (areas 2, 3, 20, 27, 28, 29). Sediment present that has COCs in excess of these 
recommended PRGs range in depth between 0.5 and 4 feet. The area is estimated by current data 
to be 870,200 square feet, and may include 33,700 cubic yards of sediment. 

- Preparation, maintenance, and removal of the Pier 1 staging area was estimated at a lump sum of 
$11,000, which includes 2 laborers and a backhoe for 10 days and misc. materials. 

-The actual dewatering and wastewater treatment process will be determined based on a bench 
scale laboratory study using samples of the site sediments. The dewatering process will likely 
include the following: screening of the dredged material to remove material greater than 0.25’ inches; 
a series of hydrocyclones to remove sand and silt; a plate and frame filter press with pH adjustment 
by chemical addition. The resulting filtercake will be stabilized and disposed off-site. The filtrate will 
require additional treatment and testing prior to discharge into Coddington Cove. It is assumed that 
crew and equipment for wastewater treatment will cost $4,500 per day and that water quality testing 
for both filtered water, and ambient water outside the work area, will be performed daily at a. cost of 
$3,600 per day (min. 3 samples per day). It is assumed that the production rate for the dredging 
operation will be approximately 435 cuyd per day and the operation will take 80 work days for one 
dredge crew. 

-It is assumed that the dredging activities will not be subject to CRMC restrictions which only allow 
dredging to occur between October-December. As a result, all dredging/construction work will occur 
within one mobilization period. 

- Six-inch and smaller material and concrete and metal debris will be screened from the dredge spoil 
at each work site and hauled to a RCRA D landfill. Any boulders and cobbles greater than 6 inches 
will be rinsed of fine-grained sediment and stockpiled for fill materials elsewhere. It is assumed that 
<5% of the volume of dredged materials will be larger than 6 inches and reused and that chemical 
testing of the screened materials prior to moving off-site will not be required. 



Tetra Tech NM, Inc. 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis Derecktor Checked by: SP 
ShipyardKoddington Cove FS, Alt-3A, CT0 302 

Date: 7/l 5/99 

- An 8-hour work day is assumed for all construction activities. However, due to accessibility, it is 
assumed that one hour per day will be required to maintain and mobilize equipment and secure the 
work areas and remove equipment from each work site (net production = 7 hours per day). An 
analysis of overtime labor versus daily equipment rates should be performed at the design phase to 
determine if cost-benefits exist by working overtime. 

- It is assumed that Pier 1 at Coddington Cove will be used as a materials, dewatering, and office 
staging area at no cost. Dewatered dredge spoils will be staged at Pier 1 pending transport to the 
disposal facility. 

- It is assumed that 30 confirmation samples will be collected during the dredging operation to verify 
the all contaminated sediments exceeding the PRGs is removed. Samples will be analyzed for 
PCBs, metal, and PAHs. Analytical costs are assumed to be $1,40O/sample including colle’ction and 
shipping costs. 

- Water quality testing will be performed daily during dredging and cap installation activities. It 
assumed that two samples will be collected daily from outside of the silt curtain work area and one 

for PCBs, sample will be collected from the dewatering waste stream. Samples will be analyzed 
PAHs, metals, and total suspended solids (TSS) 

5-year reviews at 200 LOE 8 $lOO/hr. Approx. $1,500 ODCs. Total = $21,500 per event 
Reviews to occur in years 5, 10, 15, 20, 25, and 30. 

7. 

O&M COST ITEMS 

1. Access Restriction and Institutional Controls 

l RIDEM fisheries enforcement visits after notification of trespass and suspicious activity by 
NETC police: 2 events per year requiring 2 officers, one boat and miscellaneous equipment 
for one hour on each visit: $240 per visit or $480 per year. 

l Description of area on permit paperwork distributed with collection permits, posting at local 
water access points and fishing piers annually for 30 years at $500 per year. 

l Maintenance of buoy moorings and tethers of $200 each buoy every two years for 30 years. 
l Maintenance of buoys at $500 each buoy every 6 years for 30 years. 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
ALTJA - LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREAS 2,3,20,27,28,29) 
NAVY CLEAN CT0 302 

PRE-DESIGN INVESTIGATION 
1) Additional soils boring and analyses 
2) Bench Scale Treatability Study 
3) Wetlands & Habitat Evalutation 
ACCESS RESTRICTIONS AND INSTITUTIONA 
1) Access Restrictions 
1.1) Install six U.S. Coast Guard buoys 
1.2) Install two warning placards 
1.3) Install fencing at Coddington Cove Breakw: 
2) Institutional Controls 
2:i) Shellfish and Lobster Collection Ban 

MOBILfZATION/DEMOBILlZATlON 
1) Office Trailer (1 ea) 
2j Storage Trailer (1 ea) 
3) Portable Communication Equipment 
4) Equipment Mobilization/Demobilization 
5) Site Utility Hook-ups (elec., phone, etc.) 
6) Site Utilities 

PERSONNEL AND EQUIP. DECON. FAClLlTlE 

12) Site supervisornoreman 
3) Site safety officer 
HOME OFFICE PROJECT MANAGEMENT ANC 
1) Protect manaqer 
2) Project admin&trator 
3) Health and Safety director 
4) Procurement/subcontracting 
5) Clerical support 

DREDGING/WATER TREATMENT 
1) Erosion control, silt boom 
2) Mob/Demob (barge and pier based equip.) 
3) Prep., maint., and removal of staging area 
4) Dredge sediments 
5) Treatment of dredge water 
6) Sediment confirmation testing 
7) Water Quality Testing 
8) Stabilization of Sediment 
9) Disposal/Transport 
9.1) Analysis of Sediment Prior to Transport 
9.2) RCRA C Landfill 

\ND SERVICES 
6 MO 
6 MO 

1,200 HR 
1,200 HR 
1,200 HR 

UPPORT 
240 HR 
180 HR 

60 HR 
600 HR 
600 HR 

4,600 LF 
1 LS 
I LS 

33,560 CY 
80 DAY 
30 EA 
80 DAY 
80 DAY 

67 EA 
12,082 TN 



DERECKTOR SHIPVARD/CODDINGTON COVE FEASIBILITV STUDY NEWPORT, RI 
ALT-3A - LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREAS 2,3,20,27,28,29) 
NAW CLEAN CT0 302 

9.3) RCRA D Landfill 48,326 TN 85.00 
9.4) Miscellaneous Solid Waste 200 TN 85.00 

0.00 0.00 0.00 4,107,744 0 0 0 4,107,744 Vendor Info. 
0.00 0.00 0.00 17,000 0 0 0 17,000 Vendor Info. 

Direct Cost Adjustment Factors 
Safety Level D Multiplier (5% of labor and equipment, for non-Lev. C activities) 
Safety Level C Multiplier (25% of labor and equipment, as listed) 
Site & Industrial Health &Safety Monitoring (4% of labor and equipment 

Indirect Cost Adjustment Factors 
Labor Overhead @ 250% (for field mgmt. & home office, only) 
Field Construction Labor Overhead 8 75% 
Subcontract Overhead 8 10% 
Tax on Materials @ 5% 
G & A @ 10% (on labor, equip., & matl’s.) 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor @ 7% (ref. 1) 

Engineering @ 6 % of total direct and indirect 
Prime Contractor Fee @ 10% of Total Adjusted Cost 

Contingency @ 30% of Total Cost 

References used for cost estimates: 

1) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, R.S. Means Co., Inc., Kingston, MA 
2) Ethos Environmental Remediation Unit Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewcxod, CO 
3) Ethos Environmental Remediation Assemblies Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Engtewood, CC 
4) Historical data based on competitive bids submitted by subcontractors at this or other sites. 
5) Personal communication with General Chemical Corporation, 8/20/9&x 
6) Personal communication with Enco DredgingNVaste Management Inc., 8/26/98 

Notes: 
RCRA C Proposed Disposal Site: CWM Model City, NY. 
RCFfA D Proposed Disposal Site: BFI Fall River, MA 
EA = Each 
LS = Lump Sum 
HR = Hour 
SF = Square Foot 
CF = Linear Foot 
CY = Cubic Yard 



Derecktor ShipyardEoddington Cove FS 
Alternative 3A- Limited Removal and Off-Base Disposal 
Newport, Rhode Island 
Present Worth Analysis 

‘RESENT WORTH ANALYSIS 

PRESENT CAPITAL 
YEAR WORTH COSTS 

FACTOR 

O&M 5-Y EAR PRESENT 
COSTS COSTS WORTH 

0 1 .ooo 

I 0.935 
2 0.873 

3 0.816 
4 0.763 

5 0.713 

6 0.666 

7 0.623 
8 0.582 
9 0.544 

IO 0.508 

11 0.475 

12 0.444 
I3 0.415 

14 0.388 
I5 0.362 

I6 0.339 

I7 0.317 

I8 0.296 

I9 0.277 
20 0.258 

21 0.242 

22 0.226 

23 0.211 
24 0.197 

25 0.184 

26 0.172 

27 0.161 

28 0.150 

29 0.141 
30 0.131 

$17,062,556 
$25,546 
$26,746 
$25,546 
$26,746 

$25,546 
$29,746 
$25,546 
$26,746 
$25,546 
$26,746 
$25,546 
$29,746 
$25,546 
$26,746 
$25,546 
$26,746 
$25,546 
$29,746 
$25,546 
$26,746 

$25,546 
$26,746 
$25,546 
$29,746 
$25,546 

$26,746 
$25,546 
$26,746 

$25,546 
$29,746 

$21,500 

$21,500 

$21,500 

$21,500 

$21,500 

$21,500 

$17,062,556 

$23,875 
$23,361 
$20,853 
$20,404 
$33,543 
$19,821 

$15,909 
$15,566 
$13,895 
$24,526 
$12,137 
$13,208 
$10,601 
$10,373 
$17,052 

$9,060 
$8,087 
$8,801 
$7,064 

$12,468 
$6,170 
$6,037 
$5,389 
$5,864 
$8,668 

$4,606 
$4,111 
$4,023 
$3,591 
$6,732 

TOTAL PRESENT WORTH = $17,438,348 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 



Brown & Root Environmental 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis Derecktor Checked by: SP 
ShipyarcYCoddington Cove FS, Alt-3B, CT0 302 

Date: 711 S/99 

Alternative 3B: Hot Spot Removal and Off-Base Disposal 

ASSUMPTIONS: 

CAPITAL COST ITEMS: 

1. Pre-Desiqn lnvestiaation 

- Soil borings/cores to identify hot spots of sediment contamination, and to determine the grain size 
and nature of the sediments. Assume 26 soil borings at an average 5-foot depth with associated 
analytical costs for PCBs, PAHs, Metals and geotechnical testing. Mob./demob. Q $13,500. Boring 
advancement Q $700 each or $18,200 . Analytical @ $130/sample for 104 screening analysis 
samples ($13,520), and 20% split samples for laboratory analysis at $465 each or $9,76.5 . Data 
validation $2,620 . Reporting Q $12,465 . Oversight and management Q $12,500 . Total costs = 
$82,570 . 

- Bench-scale treatability study to determine method to dewater dredged sediment and necessary 
treatment for the water generated as a result of dewatering of these dredged sediments. Assume 
the study will include preparation of a work plan detailing the planned study; sample collection; 
shipment of sample to Pittsburgh, PA for testing; treatability testing to be conducted by one person 
for approximately one week (to include solids separation, metals precipitation, and1 carbon 
absorption); analysis of associated water samples for metals, PAHs, and PCBs; and preparation of a 
report summarizing the results of the testing. Total cost is estimated at $50,000. 

- Review of existing information and additional field investigaitons to identify and evaluate habitats 
and wetlands that will or may be impacted by the alternative. Review of existing information - 
$5,000, biologists inspection of the seafloor to be dredged (five dives for each area to be dredged) - 
$12,750, evaluation report - $8,500. Total cost is estimated at $26,250. 

2. Lonq-term Monitorinq, Intermediate Risk Stations 18,20, and 30: 

- Sediment chemistry (PCBs, PAHs, metals, Simultaneously Extracted Metals/Acid Volatile 
Sulfides (SEM/AVS)); 3 samples plus 1 QC sample 
- Biota chemistry 3 samples each of lobster and clam (PCBs, PAHs, metals); 

Labor: 1 event/year. 

- Sediment sampling: Sample collection with equipment and crew = approximately 
$485/sample. Collection of 3 samples = $1.455 (QC samples collected at no additional cost) 

- Biota sampling : Sample collection with equipment and crew = approximately $1043/sample. 
Collection of six samples = $6258 

- Proj. mgmt/coord. = 30 hours/year Q $80/hr (w/O&P) = $2,400 
- Annual: add $500 M&IE; ODCs & supplies 8 $300: & shipping 8 $300. 
- Data Validation $4,536. 
- Report prep. $4,658. 

Total Labor z $20,407 annuallv for vears l-30 

Estimated analvtical costs: 

- Sediment chemistry (PCBs, PAHs, metals, SEM/AVS) $1537/sample @3 samples/yr = $4,611 
- Biota chemistry (PCBs, PAHs, metals) Q $1367/sample Q 6 samples/yr = $8,202 

Total Analytical 5 $12,183 annuallv for vears l-30 



Brown & Root Environmental 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis Derecktor Checked by: SP 
ShipyardKoddington Cove FS, AR-3B, CT0 302 

Calculation Sheet 
Page 2 of 3 
Date: 7/15/99 

2. Access Restriction and Institutional Control 

l Installation of six buoys USCG fifth class: steel buoys 8’ tall and 2’ diameter warning “cans” 
purchase and install at $2,000 each for a total of 12,000. 

l Purchase of two warning placards 6’x6’ stating access restriction and installation at outermost 
point of Piers 1 and 2, at $1,200 each or $2,400. 

l Fencing at Coddington Cove Breakwater: chain link fence 8 feet high with security wire at top, 
approximately 50 foot length at $28 per foot or $1400. 

l Institution of ban on shellfish and lobster collection within described area: Legal action to 
institute use restriction: lump sum of $4,000 

3. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities, 
delivery and removal of major construction equipment, and providing all other facilities and Imaterials 
needed by the management staff. 

4. It is assumed that subgrade preparation will be required prior to dredging the contaminated 
sediments. Miscellaneous debris (cable, conduit, piping, etc.) will be removed from the sediments 
with diver assistance and cranes. 

5. Erosion controls will be provided to reduce the migration of sediments during the dredging operations 
by means of a silt boom. The silt boom will be anchored around the perimeter of the dredge area. 

6. This alternative involves dredging contaminants with concentrations of COCs at or greater than PRG 
HQ=3. Based on current data, this will require dredging of areas 2, 3, 27, 28, and 29. This area is 
estimated by current data to be 697,427 square feet, and may include 30, 451 cubic yards of 
sediment. 

- Preparation, maintenance, and removal of the Pier 1 staging area was estimated at a lump sum of 
$11,000, which includes 2 laborers and a backhoe for 10 days and misc. materials. 

-The actual dewatering and wastewater treatment process will be determined based on a bench 
scale laboratory study using samples of the site sediments. The dewatering process will likely 
include the following: screening of the dredged material to remove material greater than 0.2.5 inches; 
a series of hydrocyclones to remove sand and silt; a plate and frame filter press with pH adjustment 
by chemical addition. The resulting filtercake will be stabilized and disposed off-site. The filtrate will 
require additional treatment and testing prior to discharge into Coddington Cove. It is assumed that 
crew and equipment for wastewater treatment will cost $4,500 per day. It is assumed that water 
quality testing for both filtered water, and ambient water outside the work area, will be performed 
daily at a cost of $3,600 per day. It is assumed that the production rate for the dredging operation 
will be approximately 435 cuyd per day and the operation will take 70 work days for one dredge 
crew. 

-It is assumed that the dredging activities will not be subject to CRMC restrictions which only allow 
dredging to occur between October-December. As a result, all dredging/construction work will occur 
within one mobilization period. 

- Six-inch and smaller material and concrete and metal debris will be screened from the dredge spoil 
at each work site and hauled to a RCRA D landfill. Any boulders and cobbles greater than 6 inches 
will be rinsed of fine-grained sediment and stockpiled for fill materials elsewhere. It is assumed that 
~5% of the volume of dredged materials will be larger than 6 inches and reused and that chemical 
testing of the screened materials prior to moving off-site will not be required. 



- An 8-hour work day is assumed for all construction activities. However, due to accessibility, it is 
assumed that one hour per day will be required to maintain and mobilize equipment and to secure 
the work areas and remove equipment from each work site (net production = 7 hours per day). An 
analysis of overtime labor versus daily equipment rates should be performed at the design phase to 
determine if cost-benefits exist by working overtime. 

- It is assumed that Pier 1 at Coddington Cove will be used as a materials, dewatering, and office 
staging area at no cost. Dewatered dredge spoils will be staged at Pier 1 pending transport to the 
disposal facility. 

- It is assumed that 15 confirmation samples will be collected during the dredging operation to verify 
the all contaminated sediments exceeding the targets is removed. Samples will be anallyzed for 
PCBs, metal, pesticides, and PAHs. Analytical costs for confirmation analysis are assumed to be 
$1,40O/sample including collection and shipping costs, 

- Water quality testing will be performed daily during dredging and cap installation activities. It 
assumed that two samples will be collected daily from outside of the silt curtain work area and one 
sample will be collected from the dewatering waste stream. Samples will be analyzed for PCBs, 
PAHs, metals, and total suspended solids (TSS). 

7. 5-year reviews at 200 LOE 8 $lOO/hr. Approx. $1,500 ODCs. Total = $21,500 per event 
Reviews to occur in years 5, 10, 15,20,25, and 30. 

O&M COST ITEMS 

1. Access Restriction and Institutional Controls 

l RIDEM fisheries enforcement visits after notification of trespass and suspicious activity by 
NETC police: 2 events per year requiring 2 officers, one boat and miscellaneous equipment 
for one hour on each visit: $240 per visit or $480 per year. 

l Description of area on permit paperwork distributed with collection permits, posting at llocal 
water access points and fishing piers annually for 30 years at $500 per year. 

l Maintenance of buoy moorings and tethers of $200 each buoy every two years for 30 years. 
l Maintenance of buoys at $500 each buoy every 6 years for 30 years. 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILIM STUDY NEWPORT, RI 
ALT-36 - LIMITED DREDGING AND OFF-BASE OISPOSAL (DREDGING AREA 3) 
NAW CLEAN CT0 302 

PRE-DESIGN INVESTIGATION 
1) Additional soils bonng and analyses 
2) Bench Scale Treatability Study 
3j Wetlands and Habitat Evaluation 
ACCESS RESTRICTIONS AND INSTITUTION! 
1) Access Restrictions 
III) Install six U.S. Coast Guard buoys 
1.2) Install two warning placards 
1.3) Install fencing at Coddington Cove Breaks 

2.1 Shellfish and Lobster Collection Ban I- 
2j Storage Trailer (1 ea) 
3) Portable Communication Equipment 
4) Equipment MobilizatiotiDemobilization 
5) Site Utility Hook-ups (elec.. phone, etc.) 
6) Site Utilities 
7) 3 Pick-up Truck (rental) 

12) Site suoervisontoreman 
3j Site safety officer 
HOME OFFICE PROJECT MANAGEMENT ANI 
1 I Proiect manaaer 
2j Project admit%trator 
3) Health and Safety director 
4) Procurement/subcontracting 
5j Clerical support 

DREDGING/WATER TREATMENT 
I) Erosion control, silt boom 
2) MobDemob (barge and pier based equip.) 
3j Prep., maint., and removal of staging area 
4) Dredge sediments 
5) Treatment of dredge water 
6) Sediment confirmation testing 
7) Water Quality Testing 
8) Stabilization of Sediment 
9) Disposalflransport 
9.1) Analysis of Sediment Prior to Transport 
9.2) RGRA C Landfill 
9.3) RCRA D Landfill 
9.4) Miscellaneous Solid Waste 

II LS 
SONTROLS 

6 EA 

l- 

2 EA 
50 LF 

: Total Direct Comments 
cost ($) 

Sub. Mat. Labor Equip. Sub. Mat. Labor Equip. 

82,570.OO 0.00 0.00 0.00 82,570 0 0 0 82,570 See assumption 
50,000.00 0.00 0.00 0.00 50,000 0 0 0 50,000 See assumption 
26,250.OO 0.00 0.00 0.00 26,250 0 0 0 26,250 See assumption 

See assumption 
0.00 2,ooo.oo 0.00 0.00 0 12,000 0 0 12,000 See assumption 
0.00 1,200.00 0.00 0.00 0 2,400 0 0 2,400 See assumption 
0.00 28.00 0.00 0.00 0 1,400 0 0 1,400 See assumption 

See assumption 
4,ooo.oo 0.00 0.00 0.00 4,000 0 0 0 4,000 See assumption 

400.00 0.00 0.00 0.00 2,000 0 0 0 2,000 Historical data 
100.00 0.00 0.00 0.00 500 0 0 0 500 Historical data 
400.00 0.00 0.00 0.00 3,200 0 0 0 3,200 Historical data 

25,OOO.OO 0.00 0.00 0.00 25,000 0 0 0 25,000 Historical data 
3,ooo.oo 0.00 0.00 0.00 3,000 0 0 0 3,000 Historical data 
4,ooo.oo 0.00 0.00 0.00 20,000 0 0 0 20,000 Historical data 
2,850.OO 450.00 0.00 0.00 14,250 2,250 0 0 16,500 Historical data 
7,ooo.oo 2,ooo.oo 15,000.00 3,ooo.oo 7,000 2,000 15,000 3,000 27,000 Historical data 

500.00 0.00 200.00 0.00 2,500 0 1,000 0 3,500 Vendor catalog 
500.00 0 00 0.00 0.00 2,500 0 0 0 2,500 Historical data 

0.00 0.00 35.86 0.00 0 0 35,860 0 35,860 Historical data 
0.00 0.00 30.00 0.00 0 0 30,000 0 30,000 Historical data 
0.00 0.00 25.00 0.00 0 0 25,000 0 25,000 Historical data 

0.00 0.00 45.00 0.00 0 0 9,000 0 9,000 Historical data 
0.00 0.00 30.00 0 00 0 0 4,500 0 4,500 Historical data 
0.00 0.00 35.00 0.00 0 0 1,750 0 1,750 Historical data 
0.00 0.00 30.00 0.00 0 0 15,000 0 15,000 Historical data 
0.00 0.00 12.36 0.00 0 0 6,180 0 6,180 Historical data 

0.00 10.00 4.00 4.00 0 41,000 16,400 16,400 73,800 Htstorical data 
167,600.OO 0.00 0.00 0 00 167,600 0 0 0 167,600 Vendor Info. 

0.00 1,ooo.oo 7,ooo.oo 3,000.00 0 1,000 7,000 3,000 11,000 Vendor Info. 
43.00 0.00 1.66 0.00 1,309,393 0 50,549 0 1,359,942 Vendor Info. 

4.500.00 .~~~ 0.00 0.00 0.00 
o.ool 

315.000 
21:000 

0 0 0 315,000 Vendor Info. 
1.400.00 
3;600.00 

0.00 0.00 0 0 0 21,000 Historical data 
50.00 200.00 150.00 252,000 3,500 14,000 10,500 280,000 Historical data 

2,500.OO 0.00 0.00 0.00 175,000 0 0 0 175,000 Vendor Info. 

700.00 0.00 0.00 0.00 1,400 0 0 0 1,400 Vendor Info. 
140.00 0.00 0.00 0.00 1534,730 0 0 0 1,534,730 Vendor Info. 
85.00 0.00 0.00 0.00 3,727,202 0 0 0 3,727,202 Vendor Info. 
85.00 0.00 0.00 0.00 1,700 0 0 0 1,700 Vendor Info. 



DERECKTOR SHIPYARDICODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
ALT-38 -LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREA 3) 
NAW CLEAN CT0 302 

Total Cost ($) Total Direct 
Sub. Mat. Labor Equip. Cost ($) Comments 

(TOTAL Direct Cost Adjustment Factors 7,746,096( 65,5501 231,239( 32,900 8,077,484 

Safety Level D Multiplier (5% of labor and equipment, for non-Lsv. C activities) 0 0 
Safety Level C Multiplier (25% of labor and equipment, as listed) 

11,562 1,645 13,207 
0 0 0 0 

Site & Industrial Health & Safety Monitoring (4% of labor and equipment) 
0 

0 0 9,250 1,316 10,566 

Subtotal Direct Costs 7,746,096 65,550 242,801 34,545 8,101,257 

Indirect Cost Adjustment Factors 
Labor Overhead @ 250% (for field momt. & home off ice. onlv\ 
Field Construction Labor dverhead @ 75% 

~, I, 

Subcontract Overhead D 10% 
Tax on Materials @ 5% 
G & A @ 10% (on labor, equip., & matl’s.) 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor @ 7% (ref. 1) 

Engineering @ 6 % of total direct and indirect 
Prime Contractor Fee @ 10% of Total Adjusted Cost 

Contingency @ 30% of Total Cost 

0 0 318,225 0 318,225 
0 0 77,961 0 77,961 

774,610 0 0 0 774,610 
0 3,276 0 0 3,278 
0 6,555 24,280 3,455 34,290 

Subtotal Direct and Indirect Casts 

Adjusted Direct and Indirect Costs 

Total Costs 

8,520,705 75,383 663,267 38,000 9,309,620 

651,673 

8,520,705 75,383 663,267 38,000 9,961,293 

597,678 
996,129 

11,555,lOO 

I 1 3,466,530 

References used for cost estimates 

1) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, R.S. Means Co., Inc., Kingston, MA 

2) Ethos Environmental Remediation Unit Cost, 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, CD 

3) Ethos Environmental Remediation Assemblies Cost, 1998,4th Annual Edition, DeltaTechnologies Group, Inc., Englewood, Co 

4) Historical data based on competitive bids submitted by subcontractors at this or other sites. 
5) Personal communication with General Chemical Corporation, 8/20/98. 
6) Personal communication with Enco DredgingMlaste Management Inc., 8/26/98. 

Notes: 
RCRA C Proposed Disposal Site. CWM Model City, NY. 
RCRA D Proposed Disposal Site: BFI Fall River, MA. 
EA = Each 
LS = Lump Sum 
HR = Hour 
SF = Square Foot 
LF = Linear Foot 
cy = Qu$ yard 

MO = Month 
TN = Ton 



Derecktor ShipyardEoddington Cove FS 
Alternative 3B - Limited Removal and Off-Base Disposal 
Newport, Rhode Island 
Present Worth Analysis 

‘RESENT WORTH ANALYSIS 

PRESENT CAPITAL 
YEAR WORTH COSTS 

FACTOR 

O&M 5-Y EAR PRESENT 
COSTS COSTS WORTH 

0 1 .ooo $15,021,631 
1 0.935 $34,200 
2 0.873 $35,400 
3 0.816 $34,200 
4 0.763 $35,400 
5 0.713 $34,200 
6 0.666 $38,400 
7 0.623 $34,200 
8 0.582 $35,400 

9 0.544 $34,200 

10 0.508 $35,400 

11 0.475 $34,200 
12 0.444 $38,400 
13 0.415 $34,200 

14 0.388 $35,400 
15 0.362 $34,200 
16 0.339 $35,400 

17 0.317 $34,200 
18 0.296 $38,400 

19 0.277 $34,200 

20 0.258 $35,400 

21 0.242 $34,200 

22 0.226 $35,400 

23 0.211 $34,200 

24 0.197 $38,400 

25 0.184 $34,200 

26 0.172 $35,400 
27 0.161 $34,200 

28 0.150 $35,400 
29 0.141 $34,200 

30 0.131 $38,400 

$15,021,631 
$31,963 
$30,920 
$27,917 
$27,006 

$21,500 $39,713 
$25,588 
$21,298 
$20,603 

$18,603 
$21,500 $28,925 

$16,248 
$17,050 
$14,192 

$13,729 
$21,500 $20,188 

$11,991 
$10,827 
$11,361 

$9,457 
$21,500 $14,704 

$8,260 
$7,990 
$7,214 
$7,570 

$21,500 $10,263 
$6,096 
$5,504 
$5,324 
$4,807 

$21,500 $7,869 

TOTAL PRESENT WORTH = $15,504,811 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 



Brown & Root Environmental 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis Derecktor Checked by: SP 
ShipyardKoddington Cove FS, Alt-4, CT0 302 

Date: 7/l 5/99 

Alternative 4: Complete Removal and Off-Base Disposal 

ASSUMPTIONS: 

CAPITAL COST ITEMS: 

1. Pre-Desiqn lnvestiaation 

- Sediment sampling to further determine the grain size and nature of the sediments and to delineate 
lateral and vertical extent of contaminants exceeding the PRGs. Assume 45 soil borings at an 
average 5-foot depth with associated analytical costs for PCBs, PAHs, Metals and geotechnical 
testing. Mob./demob. Q $13,500. Sample collection Q $800 each or $36,000. Analytical Q 
$130/sample for 180 screening analysis samples ($23,400), and 20% split samples for laboratory 
analysis at $465 ($20,925). Data validation $4,578. Reporting Q $12,465. Overs,ight and 
management Q $12,500. Total costs = $109,868. 

- Bench-scale treatability study to determine method to dewater dredged sediment and necessary 
treatment for the water generated as a result of dewatering of these dredged sediments. Assume 
the study will include preparation of a work plan detailing the planned study; sample collection; 
shipment of sample to Pittsburgh, PA for testing; treatability testing to be conducted by one person 
for approximately one week (to include solids separation, metals precipitation, and carbon 
absorption); analysis of associated water samples for metals, PAHs, and PCBs; and preparation of a 
report summarizing the results of the testing. Total cost is estimated at $50,000. 

- Review of existing information and additional field investigaitons to identify and evaluate habitats 
and wetlands that will or may be impacted by the alternative. Review of existing information - 
$5,000, biologists inspection of the seafloor to be dredged (five dives for each area to be dredged) - 
$25,500, evaluation report - $17,000. Total cost is estimated at $47,500. 

2. Mobilization/Demobilization includes providing office trailers, temporary utilities and sanitary facilities, 
delivery and removal of major construction equipment, and providing all other facilities and materials 
needed by the management staff. 

3. It is assumed that subgrade preparation will be required prior to dredging the contaminated 
sediments. Miscellaneous debris (cable, conduit, piping, etc.) will be removed from the sediments 
with diver assistance and cranes. 

4. Erosion controls will be provided to reduce the migration of sediments during the dredging operations 
by means of a silt boom. The silt boom will be anchored around the perimeter of the dredge area. 

5. This alternative requires the dredging of all sediments exceeding with contaminant concentrations in 
excess of the recommended PRGS (areas 2, 3, 18, 20, 27, 28, 29, and 30). Sediment present that 
has COCs in excess of these recommended PRGs range in depth between 0.5 and 4 feet. The 
area is estimated by current data to be 1,806,720 square feet, and may include 50,994 cubic yards 
of sediment. 

- Preparation, maintenance, and removal of the Pier 1 staging area was estimated at a lump sum of 
$11,000, which includes 2 laborers and a backhoe for 10 days and misc. materials. 

-The actual dewatering and wastewater treatment process will be determined based on a bench 
scale laboratory study using samples of the site sediments. The dewatering process will likely 
include the following: screening of the dredged material to remove material greater than 0.25 inches; 
a series of hydrocyclones to remove sand and silt; a plate and frame filter press with pH adjustment 



Brown & Root Environmental 
Client: Navy CLEAN 1 File No. 7752 By: CB 
Subject: Assumptions and Cost Basis Derecktor Checked by: SP 
ShipyardKoddington Cove FS, Alt-4, CT0 302 

Calculation Sheet 
Page 2 of 2 
Date: 7/I 5199 

by chemical addition. The resulting filtercake will be stabilized and disposed off-site. The ,filtrate will 
require additional treatment and testing prior to discharge into Coddington Cove. It is assumed that 
crew and equipmenfor wastewater treatment will cost $4,500 per day. It is assumed that water 
quality testing for both filtered water, and ambient water outside the work area, will be performed 
daily at a cost of $3,600 per day (min. 3 samples per day). It is assumed that the production rate for 
the dredging operation will be approximately 435 cuyd per day and the operation will take 120 work 
days for one dredge crew. 

-It is assumed that the dredging activities will not be subject to CRMC restrictions which only allow 
dredging to occur between October-December. As a result, all dredging/construction work will occur 
.within one mobilization period. 

- Six-inch and smaller material and concrete and metal debris will be screened from the dredge spoil 
at each work site and hauled to a RCRA D landfill. Any boulders and cobbles greater than 6 inches 
will be rinsed of fine-grained sediment and stockpiled for fill materials elsewhere. It is assumed that 
~5% of the volume of dredged materials will be larger than 6 inches and reused and that chemical 
testing of the screened materials prior to moving off-site will not be required. 

- An 8-hour work day is assumed for all construction activities. However, due to accessibility, it is 
assumed that one hour per day will be required to maintain and mobilize equipment and to secure 
the work areas and remove equipment from each work site (net production = 7 hours per day). An 
analysis of overtime labor versus daily equipment rates should be performed at the design phase to 
determine if cost-benefits exist by working overtime. 

- It is assumed that Pier 1 at Coddington Cove will be used as a materials, dewatering, arnd office 
staging area at no cost. Dewatered dredge spoils will be staged at Pier 1 pending transport to the 
disposal facility. 

- It is assumed that 40 confirmation samples will be collected during the dredging operation to verify 
the all contaminated sediments exceeding the PRGs is removed. Samples will be analyzed for 
PCBs, metal, and PAHs. Analytical costs are assumed to be $1,40O/sample including collection and 
shipping costs. 

- Water quality testing will be performed daily during dredging and cap installation activities. It 
assumed that two samples will be collected daily from outside of the silt curtain work area <and one 
sample will be collected from the dewatering waste stream. Samples will be analyzed for PCBs, 
PAHs, metals, and total suspended solids (TSS). 

6. No O&M costs are associated with this task. 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
ALT-4 - COMPLETE DREDGING AND OFF-BASE DISPOSAL 
NAVY CLEAN CT0 302 

item 
PRE-DESIGN INVESTIGATION 

1) Additional soils borina and analvses 

3) Wetlands & Habitat Evsluation 
MOBILIZATION/DEMOBILlZ.4TlON 

1 I Office Trailer ii ea) 

2) PPE rolloff cont. 
SITE MANAGEMENT STAFFING 

1) Site manaqer 
12j Site super&orjoreman 
3) Site safety officer 
HOME OFFICE PROJECT MANAGEMENT ANC 
1) Proiect manaaer 
2) Project administrator 
3) Health and Safety director 
4) ProcuremenVsubcontractina 

J 
2) MobDemob (barge and pier based equip.) 
3) Prep., maint.. and removal of staging area 
4) Dredge sediments 
5) Treatment of dredge water 
6) Sediment confirmation testing 
7) Water Quality Testing 
8) Stabilization of Sediment 
9) Disposal/Transport 
9.1) Analysis of Sediment Prior to Transport 
9.2) RCRA C Landfill 

9001 HR 

120 DAY 

102 EA 
18,358 TN 

400.00 0.00 0.00 0.00 3,600 0 0 0 3,600 
100.00 0.00 0.00 0.00 600 0 0 0 600 
400.00 0.00 0.00 0.00 3,200 0 0 0 3,200 

25,ooo.oo 0.00 0.00 0.00 25,000 0 0 0 25,000 
3,ooo.oo 0.00 0.00 0.00 3,000 0 0 0 3,000 
4,ooo.oo 0.00 0.00 0.00 36,000 0 0 0 36,000 
2,850.oo 450.00 0.00 0.00 25,650 4,050 0 0 29,700 
7,ooo.oo 2,ooo.oo 15,ooo.oo 3,ooo.oo 7,000 2,000 15,000 3,000 27,OOC 

500.00 0.00 200.00 0.00 4,500 0 i ,800 0 6,300 
500.00 0.00 0.00 0.00 4,500 0 0 0 4,500 

0.00 0.00 35.86 0.00 0 0 64,548 0 64,548 
0.00 0.00 30.00 0.00 0 0 54,000 0 54,000 
0.00 0.00 25.00 0.00 0 0 45,000 0 45,000 

0.00 0.00 45.00 0.00 0 0 16,200 0 16,200 
0.00 0.00 30.00 0.00 0 0 a,i 00 0 a,t 00 
000 0.00 35.00 0.00 0 0 3,i 50 0 3,i 50 
0.00 0.00 30.00 0.00 0 0 27,000 0 27,000 
0.00 0.00 12.36 0.00 0 0 11,124 0 11,124 

0.00 10.00 4.00 4.00 0 50,000 20,000 20,000 90,000 
167,600.OO 0.00 0.00 0.00 167,600 0 0 0 167,6OC 

0.00 1 ,ooo.oo 7,ooo.oo 3,ooo.oo 0 1,000 7.000 3,000 11 ,ooc 
43.00 0.00 1.66 0.00 2,i 92,742 0 84,650 0 2,277,39z 

4,500.00 0.00 0 00 0.00 540,000 0 0 0 540,ooc 
1,400.oo 0.00 0.00 000 56,000 0 0 0 56,OOC 
3,600.OO 50.00 200.00 150.00 432,000 6,000 24,000 18,000 480,OOC 
2,500.oo 0.00 0.00 0.00 300,000 0 0 0 3oo,ooc 

700.00 0.00 0.00 0.00 71,400 0 0 0 71.4oc 
140.00 0.00 0.00 0.00 2,570,098 0 0 0 2,570,09& 

Historical data 
Historical data 
Historical data 
Historical data 
Historical data 
Historical data 
Historical data 
Historical data 

Vendor catal% 
Historical data 

Historical data 
Historical data 
Historical data 

Historical data 
Historical data 
Historical data 
Historical data 
Historical data 

Historical data 
Vendor info. 
Vendor Info. 
Vendor Info. 
Vendor Info. 

Historical data 
Historical data 
Vendor Info. 

Vendor Info. 
Vendor Info. 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
ALT-4 - COMPLETE DREDGING AND OFF-BASE DISPOSAL 
NAW CLEAN CT0 302 

9.3) RCRA D Landfill 73,431 TN 
9.4) Miscellaneous Solid Waste 300 TN 

85.00 0.00 0.00 0.00 6,241,666 0 0 0 6,241,666 Vendor Info. 
85.00 0.00 0.00 0.00 25,500 0 0 0 25,500 Vendor Info. 

Direct Cost Adjustment Factors 
Safety Level D Multiplier (5% of labor and equipment, for non-Lev. C activities) 
Safety Level C Multiplier (25% of labor and equipment, as listed) 
Site & Industrial Health &Safety Monitoring (4% of labor and equipment 

Indirect Cost Adjustment Factors 
Labor Overhead @ 250% (for field mgmt. & home off ice, only) 
Field Construction Labor Overhead @ 75% 
Subcontract Overhead @ 10% 
Tax on Materials @ 5% 
G & A @ 10% (on labor, equip., & ma&) 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor @ 7% (ref. 1) 

Engineering @ 6 % of total direct and indirect 
Prime Contractor Fee @ 10% of Total Adjusted Cost 

Contingency @ 30% of Total Cost 

References used for cost estimates: 

1) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, R.S. Means Co., Inc., Kingston, MA 
2) Ethos Environmental Remediation Unit Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, CO 
3) Ethos Environmental Remediation Assemblies Cost , 1996, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, CO 
4) Historical data based on competitive bids submitted by subcontractors at this or other sites. 
5) Personal communication with General Chemical Corporation, a/20/98. 
6) Personal communication with Enco DredgingAFJaste Management Inc., 8/26/98. 

Notes: 
RCRA C Proposed Disposal Site: CWM Model City, NY. 
RCRA D Proposed Disposal Site: EFI Fall River, MA. 
EA = Each 
LS = Lump Sum 
HR = Hour 
SF = Square Foot 
LF = Linear Foot 
CY = Cubic Yard 



Derecktor ShipyardEoddington Cove FS 
Alternative 4 - Complete Removal and Off-Base Disposal 
Newport, Rhode Island 
Present Worth Analysis 

PRESFNT WORTH ANA1 VS1.C 
. . - -  - . . .  . . -  .  .  .  .  . , . . . , . - , - I -  

PRESENT CAPITAL 
YEAR WORTH COSTS 

FACTOR 

O&M 5-Y EAR PRESENT 
COSTS COSTS WORTH 

0 1 .ooo $24,969,557 $24,969,557 
1 0.935 $C 
2 0.873 $0 
3 0.816 $0 
4 0.763 $0 
5 0.713 $0 
6 0.666 $0 
7 0.623 $0 
8 0.582 w 
9 0.544 $C 

10 0.508 $C 
11 0.475 $C 
12 0.444 $C 
13 0.415 $C 
14 0.388 $C 
15 0.362 $0 
16 0.339 $0 
17 0.317 $0 
18 0.296 $0 
19 0.277 $0 
20 0.258 $0 
21 0.242 $0 
22 0.226 $0 
23 0.211 $0 
24 0.197 $0 
25 0.184 $0 
26 0.172 $0 
27 0.161 $0 
28 0.150 $0 
29 0.141 $0 
30 0.131 $0 

TOTAL PRESENT WORTH = $24,969,557 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 



APPENDIX E 

COST SENSITIVITY ANALYSIS FOR SELECTED REMEDIAL ALTERNATIVES 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILIN STUDY NEWPORT, RI 
COST SENSlTlVlTY ANALYSIS +50X VOLUME 
ALT-3A - LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREAS 2,3,20,27,28,29) 
NAW CLEAN CT0 302 

1) Install six U.S. Coast Guard buoys 

Storage Trailer (1 ea) 
Portable Communication Equipment 

MobDemob (barge and pier based equip.) 
3) Prep., maint.. and removal of staging area 
4) Dredge sediments 
5) Treatment of dredge water 
6) Sediment confirmation testing 
7) Water Quality Testing 
8) Stabilization of Sediment 



DERECKTOR SHIPYARDKODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COSTSENSITIVITY ANALYSIS +50% VOLUME 
ALT-3A - LlMfTED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREAS 2,3,20,27,28,29) 
NAVY CLEAN CT0 302 

Direct Cost Adjustment Factors 
Safety Level D Multiplier (5% of labor and equipment, for non-Lev C activities) 
Safety Level C Multiplier (25% of labor and equipment, as listed) 
Site & industrial Health 8 Safety Monitoring (4% of labor and equip 

indirect Cost Adjustment Factors 
Labor Overhead @ 250% (for field mgmt. 8 home office, only) 
Field Construction Labor Overhead 0 75% 
Subcontract Overhead @ 10% 
Tax on Materials @ 5% 
G &A B 10% (on labor, equip., & matl’s.) 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor 0 7% (ref. 1) 

Engineering @ 6 % of total direct and indirect 
Prime Contractor Fee @ 10% of Total Adjusted Cost 

Contingency @ 30% of Total Cost 

References used for cost estimates: 

1) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, R.S. Means Co., Inc., Kingston, MA 
2) Ethos Environmental Remediation Unit Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, CO 
3) Ethos Environmental Remediation Assemblies Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, CO 
4) Historical data based on competitive bids submitted by subcontractors at this or other sites 
5) Personal communication with General Chemical Corporation, 8/20/98. 
6) Personal communication with Encc Dredging/Waste Management Inc., 8/26/98. 

Notes: 
RCRA C Proposed Disposal Site. CWM Model City, NY. 
RCRA D Proposed Disposal Site: BFI Fall River, MA. 
EA = Each 
LS = Lump Sum 
HR = Hour 
SF = Square Foot 
LF = Linear Fooi 
CY = Cubic Yard 
MO = Month 
TN = Ton 



Derecktor ShipyardKoddington Cove FS 
Alternative 3A- Limited Removal and Off-Base Disposal 
Cost Sensitivity Analysis +50% Volume 
Newport, Rhode Island 
Present Worth Analysis 

PRFSFNT WORTH ANA1 YSIS .---. . ._-. . . . . .-. . -.- 

PRESENT CAPITAL O&M 5-Y EAR PRESENT 

YEAR WORTH COSTS COSTS COSTS WORTH 
FACTOR 

0 1.000 $24,213,886 $24,213,886 

1 0.935 $25,726 $24,043 

2 0.873 $26,926 $23,518 
3 0.816 $25,726 $21,000 

4 0.763 $26,926 $20,542 
5 0.713 $25,726 $21,500 $33,671 

6 0.666 $29,926 $19,941 

7 0.623 $25,726 $16,021 

8 0.582 $26,926 $15,671 

9 0.544 $25,726 $13,993 

10 0.508 $26,926 $21,500 $24,617 

11 0.475 $25,726 $12,222 
12 0.444 $29,926 $13,288 

13 0.415 $25,726 $10,675 

14 0.388 $26,926 $10,442 

15 0.362 $25,726 $21,500 $17,117 

16 0.339 $26,926 $9,121 

17 0.317 $25,726 $8,144 

18 0.296 $29,926 $8,854 

19 0.277 $25,726 $7,113 

20 0.258 $26,926 $21,500 $12,514 

21 0.242 $25,726 $6,213 
22 0.226 $26,926 $6,078 

23 0.211 $25,726 $5,427 

24 0.197 $29,926 $5,900 
25 0.184 $25,726 $21,500 $8,701 
26 0.172 $26,926 $4,637 

27 0.161 $25,726 $4,140 
28 0.150 $26,926 $4,050 

29 0.141 $25,726 $3,616 

30 0.131 $29,926 $21,500 $6,756 

TOTAL PRESENT WORTH = $24,591,912 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 



DERECKTOR SHIPYARD/COODINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COST SENSITIVITY ANALYSIS -80% VOLUME 
ALTSA - LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREAS 2,3,20,27,28,29) 
NAW CLEAN CT0 302 

Item 
PRE-DESIGN INVESTIGATION 

1) Additional soils boring and analyses 
2) Bench-Scale Treatabilitv Studv 

ACCESS RESTRICTIONS AND INSTITUTIONA 

1 .I) Install six U S. Coast Guard buoys 
1.2) install two warning placards 
1.3) Install fencing at Coddington Cove Breakwz 
2) Institutional Controls 
2.1) Shellfish and Lobster Collection Ban 

MOBILIZATION/DEMOBILlZATiON 
1) Office Trailer (1 ea) 
2j Storage Trailer (1 ea) 
3) Portable Communication Equipment 
4) Equipment Mobilization/Demobilization 
5) Site Utility Hook-ups (elec.. phone, etc.) 
6) Site Utilities 
7) 3 Pick-uo Truck (rental) 

HOME OFFICE PROJECT MANAGEMENT ANC 

~ 

5j Clerical support 
DREDGINGMATER TREATMENT 

I I Erosion control. silt boom 
2) Mob/Demob (barge and pier based equip.) 
3) Prep., maint., and removal of staging area 
4) Dredge sediments 
5) Treatment of dredge water 
6) Sediment confirmation testing 
7) Water Quality Testing 
8) Stabilization of Sediment 
9) Dispceal~ransport 
9.1) Analysis of Sediment Prior to Transport 
9.2) RCRA C Landfill 
9.3) RCRA D Landfill 
9.4) Miscellaneous Solid Waste 

ZONTROLS 
I 

55 DAY 
55 DAY 

47 EA 
8,457 TN 

33.828 TN 
‘2001 TN 

Sub. 

99.400.00 
50,000.00 
30,500.00 

Unit Cost ($) 

Mat. Labor Equip. Sub. 

0.00 99,400 
0.00 50,000 
0.00 30,500 

Total Cost ($) Total Direct Comments 
cost ($) 

Mat. Labor Equip. 

0 0 0 99,400 See assumptions 
0 0 0 50,000 See assumptions 
0 0 0 30,500 See assumptions 

0.00 2,ooo.oo 0.00 0 12,000 
0.00 1.200.00 0.00 

0.00 I 
0.00 0 2.400 

0.00 28.00 0.00 0.00 0 I ;400 0 0 1,400 

4,ooo.oo 0.00 0.00 0.00 4,000 0 0 0 4,000 

400.00 0.00 0.00 0.00 2,000 0 0 0 2,000 Historical data 
100.00 0.00 0.00 0.00 500 0 0 0 500 Historical data 
400.00 0.00 0.00 0.00 3,200 0 0 0 3,200 Historical data 

25,OOO.OO 0.00 0.00 0.00 25,000 0 0 0 25,000 Historicaf data 
3,ooo.oo 000 0.00 0.00 3,000 0 0 0 3,000 Historical data 
4,ooo.oo 0.00 0.00 0.00 20,000 0 0 0 20,000 Historical data 
2,850.OO 450.00 0.00 0.00 14,250 2,250 0 0 16,500 Historical data 
7,ooo.oo 2,ooo.oo 15,ooo.oo 3,ooo.oo 7,000 2,000 15,000 3,000 27,000 Historical data 

500.00 0.00 200.00 0.00 2,500 0 1,000 0 3,500 
500.00 

Vendor catalog 
0.00 0.00 0.00 2,500 0 0 0 2,500 Historical data 

0.00 0.00 35.86 0.00 0 0 35,860 0 35,860 Historical data 
0.00 0.00 30.00 0.00 0 0 30,000 0 30,000 Historical data 
0.00 0.00 25.00 0.00 0 0 25,000 0 25,000 Historical data 

0.00 0.00 45.00 0.00 0 0 9,000 0 9,000 Historical data 
0.00 0.00 30 00 0.00 0 0 4,500 0 4,500 Historical data 
0.00 0.00 35.00 0.00 0 0 1,750 0 1,750 Historical data 
0.00 0.00 30.00 0.00 0 0 15,000 0 15,000 Historical data 
0.00 0.00 12.36 0.00 0 0 6,i 80 0 6,180 Historical data 

0.00 10.00 4.00 4.00 0 46,000 18,400 18,400 82,800 Historical data 
167,600.OO 0.00 0.00 0.00 167,600 0 0 0 167,600 Vendor Info. 

0.00 1 ,ooo.oo 7,ooo.oo 3,ooo.oo 0 1,000 7,000 3,000 11,000 Vendor Info. 
47.50 0.00 1.66 0.00 1,115,870 0 38,997 0 1 ,I 54,867 Vendor Info. 

4,500.oo 0.00 0.00 0.00 247,500 0 0 0 247,500 Vendor Info. 
1,400.00 000 0.00 0.00 42,000 0 0 0 42,000 Historical data 
3,600.OO 50.00 200.00 150.00 198,000 2,750 11,000 8,250 220,000 Historical data 
2,500.oo 0.00 0.00 0.00 137,500 0 0 0 137,500 Vendor Info. 

700.00 0.00 0.00 0.00 32,900 0 0 0 32,900 Vendor Info. 
140.00 0.00 0.00 0.00 1,183,997 0 0 0 1 ,I 83,997 Vendor Info. 

85.00 0.00 0.00 0.00 2,875,421 0 0 0 2,875,421 Vendor Info. 
85.00 0.00 0 0 0. ! 7,000 Ve.ndor !nfo. 



DERECKTOR SHIPYAROtCODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COST SENSITIVITY ANALYSIS -30% VOLUME 
ALTBA -LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREAS 2,3,20,27,28,29) 
NAVY CLEAN CT0 302 

Sub. 
Total Cost ($) Total Direct 
Mat. Labor Equip. Cost ($) Comments 

I I 
ITOTAL Direct Cost Adjustment Factors 

Safety Level D Multiplier (5% of labor and equipment, for non-Lev. C activities) 
Safety Level C Multiplier (25% of labor and equipment, as listed) 
Site & Industrial Health & Safety Monitoring (4% of labor and equipment) 

6,264,6381 693001 32,650 2166871 6,602,774 

0 0 10,934 1,633 12,567 
0 0 0 0 0 
0 0 A.747 1,306 10,053 -,. 

Subtotal Direct Costs 6,264,638 69,800 229,621 34,283 6,625,395 

Indirect Cost Adjustment Factors 
Labor Overhead B 250% (for field mgmt. & home office, only) 
Field Construction Labor Overhead @ 75% 
Subcontract Overhead @ 10% 
Tax on Materials @ 5% 
G & A @ 10% (on labor, equip., & matl’s.) 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor @ 7% (ref. I) 

Engineering @ 6 % of total direct and indirect 
Prime Contractor Fee @ 10% of Total Adjusted Cost 

Contingency @ 30% of Total Cost 

0 0 318,225 0 318,225 
0 0 66,548 0 68,548 

626,464 0 0 0 626,464 
0 3,490 0 0 3,490 
0 6,980 22,962 3,428 33,370 

Subtotal Direct and Indirect Costs 6,891 ,I 01 80,270 639,356 37,711 7,67.5,491 

537,284 

IAdjusted Direct and Indirect Costs 6,891 ,I 01 80,270 639,356 37,711 8,212,776 

492,767 
821,278 

Total Costs 9,526,820 

2,858,046 

References used for cost estimates: 

1) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, R.S. Means Co., inc., Kingston, MA 
2) Ethos Environmental Remediation Unit Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Engfewood, ~0 
3) Ethos Environmental Remediation Assemblies Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewmd, ~0 
4) Historical data based on competitive bids submitted by subcontractors at this or other sites. 
5) Personal communication with General Chemical Corporation, 8/20/98. 
6) Personal communication with Enco Dredging/Waste Management Inc., 8/26/98. 

Notes: 
RCRA c Proposed Disposal Site: CWM Model City, NY. 
RCRA D Proposed Disposal Site: BFI Fall River, MA. 
EA = Each 
LS = Lump Sum 
HR = Hour 
SF = Square Foot 
LF = Linear Foot 
CY = Cubic Yard 
MO = Month 
TN = Ton 



Derecktor ShipyardZoddington Cove FS 
Alternative 3A- Limited Removal and Off-Base Disposal 
Cost Sensitivity Analysis- -30% Volume 
Newport, Rhode Island 
Present Worth Analysis 

‘RESENT WORTH ANALYSIS 

PRESENT CAPITAL O&M 5-YEAR PRESENT 
YEAR WORTH COSTS COSTS COSTS WORTH 

FACTOR 

0 1.000 $12,384,866 $12,384,866 

1 0.935 $25,726 $24,043 

2 0.873 $26,926 $23,518 

3 0.816 $25,726 $21,000 

4 0.763 $26,926 $20,542 

5 0.713 $25,726 $21,500 $33,671 

6 0.666 $29,926 $19,941 

7 0.623 $25,726 $16,021 

8 0.582 $26,926 $15,671 

9 0.544 $25,726 $13,993 

10 0.508 $26,926 $21,500 $24,617 

11 0.475 $25,726 $12,222 

12 0.444 $29,926 $13,288 

13 0.415 $25,726 $10,675 

14 0.388 $26,926 $10,442 

15 0.362 $25,726 $21,500 $17,117 

16 0.339 $26,926 $9,121 

17 0.317 $25,726 $8,144 

18 0.296 $29,926 $8,854 

19 0.277 $25,726 $7,113 

20 0.258 $26,926 $21,500 $12,514 

21 0.242 $25,726 $6,213 

22 0.226 $26,926 $6,078 

23 0.211 $25,726 $5,427 

24 0.197 $29,926 $5,900 

25 0.184 $25,726 $21,500 $8,701 

26 0.172 $26,926 $4,637 

27 0.161 $25,726 $4,140 

28 0.150 $26,926 $4,050 

29 0.141 $25,726 $3,616 

30 0.131 $29,926 $21,500 $6,756 

TOTAL PRESENT WORTH = $12,762,892 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 



DERECKTOR SHlPYARDlCODDlNGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COST SENSITIVITY ANALYSIS +50% 
ALT-3B - LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREA 3) 
NAVY CLEAN CT0 302 

I .I) Install six U.S. Coast Guard buoys 
1.2) install two warning placards 
1.3) Install fencing at Coddington Cove Breakwe 
2) Institutional Controls 
2:1) Shellfish and Lobster Collection Ban 

MOBILIZ4TION/DEMOBILIZATION 
1) Office Trailer (1 ea) 
2j Storage Trailer (1 ia) 
3) Portable Communication Equipment 
4) Equipment Mobilization/Demobilization 
5) Site Utility Hook-ups (elec , phone, etc.) 
6) Site Utilities 
713 Pick-uo Truck (rental) 

3) Site safety officer 
HOME OFFICE PROJECT MANAGEMENT ANC 
1 I Project manager 
2j Project admin&rator 
3) Health and Safety director 
4) Procurement/subcontractinq 
5j Clerical support 

DREDGING/WATER TREATMENT 
I\ Erosion control. silt boom 
2j Mob/Demob (barge and pier based equip.) 
3) Prep., maint., and removal of staging area 
4) Dredge sediments 
5) Treatment of dredge water 
6) Sediment confirmation testing 
7) Water Quality Testing 
8) Stabilization of Sediment 
9) Disposalnransporl 
9.1) Analysis of Sediment Prior to Transport 
9.2) RCRA C Landfill 
9.3) RCRA D Landfill 
9.4) Miscellaneous Solid Waste 

ZONTROLS 

6 EA 

--r 

2 EA 
50 LF 

1 LS 
45,722 CY 

98 DAY 
15 EA 

Sub. 

82,570.OO 
50,000.00 
26,250.OO 

Unit Cost ($) 

Mat. Labor 

0.00 0.00 
0.00 0.00 
0.00 0.00 

Equip. Sub 

0.00 82.570 
0.00 50,000 
0.00 26,250 

Total Cost ($) Total Direct Comments 
cast ($) 

Mat. Labor Equip. 

0 0 0 82,570 See assumptions 
0 0 0 50,000 See assumptions 
0 0 0 26,250 See assumptions 

0.00 2,000 00 0.00 0.00 0 12,000 0 0 12,000 See assumptions 
0.00 1,200.00 0.00 0.00 0 2,400 0 0 2,400 See assumptions 
0.00 28.00 0.00 0.00 0 1,400 0 0 1,400 See assumptions 

See assumptions 
4,000 00 0.00 0.00 0.00 4,000 0 0 0 4,000 See assumptions 

400.00 0.00 0.00 0.00 3,200 0 0 0 3,200 Historical data 
100.00 0.00 0.00 0.00 800 0 0 0 800 Historical data 
400.00 0.00 0.00 0.00 3,200 0 0 0 3,200 Historical data 

25,OOO.OO 0.00 0.00 0.00 25,000 0 0 0 25,000 Historical data 
3,ooo.oo 0.00 0.00 0.00 3,000 0 0 0 3,000 Historical data 
4,ooo.oo 0.00 0.00 0.00 32,000 0 0 0 32,000 Historical data 
2,850.OO 450.00 0.00 0.00 22,800 3,600 0 0 26,400 Historical data 
7,ooo.oo 2,ooo.oo 15,ooo.oo 3,ooo.oo 7,000 2,000 15,000 3,000 27,000 Historical data 

500.00 
500.00 

I I I 
0.00 200.00 0.00 4,000 0 1,600 0 5,600 Vendor catalog 
0.00 0.00 0.00 4,000 0 0 0 4,000 Historical data 

0.00 0.00 35.86 0.00 0 0 56,415 0 56,415 Historical data 
0.00 0.00 30.00 0.00 0 0 47,196 0 47,196 Historical data 
0.00 0.00 25.00 0.00 0 0 39,330 0 39,330 Historical data 

0.00 0.00 45.00 0.00 0 0 35,397 0 35,397 Historical data 
0.00 0.00 30.00 0.00 0 0 7,200 0 7,200 Historical data 
0.00 0.00 35.00 0.00 0 0 2,800 0 2,800 Historical data 
0.00 0.00 30.00 0.00 0 0 24,000 0 24,000 Historical data 
0.00 0.00 12.36 0.00 0 0 9,888 0 9,888 Historical data 

0.00 10.00 4.00 4.00 0 7,000 2,800 2,800 12,600 Historical data 
167,600.OO 0.00 0.00 0.00 167,600 0 0 0 167,600 Vendor Info. 

0.00 1,ooo.oo 7,ooo.oo 3,ooo.oo 0 1,000 7,000 3,000 11,000 Vendor Info. 
43.00 0.00 1.66 0.00 1,966,025 0 75,898 0 2,041,922 Vendor Info. 

4,500.oo 0.00 0.00 0.00 442,466 0 0 0 442,466 Vendor Info. 
1,400.00 0.00 0.00 0.00 21,000 0 0 0 21,000 Historical data 
3,600.OO 50.00 200.00 150.00 353,973 4,916 19,665 14,749 393,303 Historical data 
2,500.OO 0.00 0.00 0.00 245,815 0 0 0 245,815 Vendor Info. 

700.00 0.00 0.00 
140.00 0.00 0.00 

85.00 0.00 0.00 
85.00 0.00 0.00 

0.00 2,100 0 0 0 2,100 Vendor Info. 
0.00 2,304,364 0 0 0 2,304,364 Vendor Info. 
0.00 5,596,312 0 0 0 5,596,312 Vendor Info. 
0.00 1,700 0 0 0 1.700. Vendor Info. 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COST SENSITIVITY ANALYSIS 40% 
ALTIB - LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREA 3) 
NAW CLEAN CT0 302 

Total Cost ($) Total Direct 
Sub. Mat. Labor Equip. Cost ($) Comments 

[TOTAL 
Direct Cost Adjustment Factors 

11,367,473( 34,316l 344,190) 23,549 11,771,229 

Safety Level D Multiplier (5% of labor and equipment, for non-Lev. C activities) 0 0 
Safety Level C Multiplier (25% of labor and equipment, as fisted) 

17.210 1,177 18,387 
0 0 

Site & industrial Health&Safety Monitoring (4% of labor and equipment) 
0 0 0 

0 0 13,768 942 14,710 

Subtotal Direct Costs 11,367,473 34,316 361,400 24,726 11,804.325 

Indirect Cost Adjustment Factors 
Labor Overhead 8 250% (for field mgmt. & home office, only) 
Field Construction Labor Overhead @ 75% 
Subcontract Overhead @ 10% 
Tax on Materials Q 5% 
G & A 0 10% (on labor. equip., & matl’s.) 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor @ 7% (ref. 1) 

Engineering @ 6 % of total direct and indirect 
Prime Contractor Fee B 10% of Total Adjusted Cost 

Contingency @ 30% 01 Total Cost 

Subtotal Direct and Indirect Costs 

0 0 555,569 0 555,569 
0 0 91,472 0 91,472 

1 ,I 36,747 0 0 0 1 ,136,747 
0 1,716 0 0 1,716 
0 3,432 36,140 2,473 42,044 

12,504,221 39,464 1,044,580 27,199 13,631,873 

954,231 

Adjusted Direct and Indirect Costs 12,504,221 39,464 1,044,580 27,199 14,586,104 

675,166 
1,458,610 

Total Costs 16,919,881 

5075,964 

References used for cost estimates: 

1) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, KS. Means Co., Inc., Kingston, MA 
2) Ethos Environmental Remediation Unit Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc , Englewad, CO 
3) Ethos Environmental Remediation Assemblies Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, CO 
4) Historical data based on competitive bids submitted by subcontractors at this or other sites. 
5) Personal communication with General Chemical Corporation, a/20/98. 
6) Personal communication with Enco Dredging/Waste Management Inc., a/26/98. 

Notes: 
RCRA C Proposed Disposal Site: CWM Model City, NY. 
RCRA D Proposed Disposal Site: BFI Fall River, MA. 
EA = Each 
LS = Lump Sum 
HR = Hour 
SF = Square Foot 
LF = Linear Foot 
CY = Cubic Yard 
MO = Month 
TN = Ton 



Derecktor ShipyardKoddington Cove FS 
Alternative 3B - Limited Removal and Off-Base Disposal 
Cost Sensitivity Analysis +50% Volume 
Newport, Rhode Island 
Present Worth Analysis 

‘RESENT WORTH ANALYSIS 

PRESENT CAPITAL O&M 5-YEAR PRESENT 

YEAR WORTH COSTS COSTS COSTS WORTH 
FACTOR 

1.000 $21,995,845 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

0.935 $34,200 
0.873 $35,400 
0.816 $34,200 
0.763 $35,400 
0.713 $34,200 $21,500 
0.666 $38,400 
0.623 $34,200 
0.582 $35,400 

0.544 $34,200 
0.508 $35,400 $21,500 

0.475 $34,200 

0.444 $38,400 

0.415 $34,200 
0.388 $35,400 
0.362 $34,200 $21,500 
0.339 $35,400 

0.317 $34,200 

0.296 $38,400 

0.277 $34,200 

0.258 $35,400 $21,500 

0.242 $34,200 

0.226 $35,400 

0.211 $34,200 

0.197 $38,400 
0.184 $34,200 $21,500 
0.172 $35,400 
0.161 $34,200 
0.150 $35,400 

0.141 $34,200 
0.131 $38,400 $21,500 

$21,995,845 
$31,963 
$30,920 
$27,917 
$27,006 
$39,713 
$25,588 
$21,298 
$20,603 
$18,603 
$28,925 
$16,248 
$17,050 
$14,192 
$13,729 
$20,188 
$11,991 
$10,827 
$11,361 

$9,457 
$14,704 

$8,260 
$7,990 
$7,214 
$7,570 

$10,263 
$6,096 
$5,504 
$5,324 
$4,807 
$7,869 

TOTAL PRESENT WORTH = $22,479,026 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COST SENSITIVIN ANALYSIS -30% 
ALT-36 - LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREA 3) 
NAW CLEAN CT0 302 

Item 
PRE-DESIGN INVESTIGATION 

1) Additional soils borina and analvses 
2j bench Scale TreatabGity Study ’ 
3) Wetlands and Habitat Evaluation 
ACCESS RESTRICTIONS AND INSTITUTIONA 
1) Access Restrictions 
I. 1) install six U.S. Coast Guard buoys 
1.2) Install two warning placards 
1.3) Install fencing at Ccddington Cove Ereakw: 
2) Institutional Controls 
2.1) Shellfish and Lobster Collection Ban 

MOBILIZATION/QEMOEILlZATlON 
1) Office Trailer (1 ea) 
2) Storage Trailer (1 ea) 
3) Portable Communication Equipment 
4) Equipment MobilizationDemobilization 
5) Site Utility Hook-ups (elec., phone, etc.) 
6) Site Utilities 
7) 3 Pick-UD Truck (rental) 

HOME OFFICE PROJECT MANAGEMENT AN[ 

~ 

5) Clerical support 
DREDGING/WATER TREATMENT 

1) Erosion control, silt boom 
2) Mob/E&mob (barge and pier based equip.) 
3) Prep., maim, and removal of staging area 
4) Dredge sediments 
5) Treatment of dredge water 
6) Sediment confirmation testing 
7) Water Quality Testing 
8) Stabilization of Sediment 
9) Disposalflransport 
9.1) Analysis of Sediment Prior to Transport 
9 2) RCRA C Landfill 
9.3) RCRA D Landfill 
9.4) Miscellaneous Solid Waste 

Qt Unit 

=I= 1 LS 
1 LS 

4 MO 
4 MO 
8 SETS r I LS 
1 LS 
4 MO 
4 MO 
II EA 

I\ND SERVICES 



DERECKTOR SHIPYARDZODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COST SENSITIVITY ANALYSIS -30% 
ALT-36 - LIMITED DREDGING AND OFF-BASE DISPOSAL (DREDGING AREA 3) 
NAW CLEAN CT0 302 

Sub. 
Total Cost ($) Total Direct 
Mat. Labor Equip. Cost ($) Comments 

ITOTAL 
Direct Cost Adjustment Factors 

Safety Level D Multiplier (5% of labor and equipment, for non-Lev. C activities) 
Safety Level C Multiplier (25% of labor and equipment, as listed) 
Site & Industrial Health & Safety Monitoring (4% of labor and equipment) 

5,525,986) 29,899) 175,617) 15,696 5,748,898 

0 0 8,781 785 9,566 
0 0 0 0 0 

0 0 7,025 628 7,653 

Indirect Cost Adjustment Factors 
Labor Overhead 8 250% (for field mgmt. & home office, only) 
Field Construction Labor Overhead @ 75% 
Subcontract Overhead @ 10% 
Tax on Materials @ 5% 
G & A @ 10% (on labor, equip., & matl’s.) 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor 0 7% (ref. I) 

Engineering 8 6 % of total direct and indirect 
Prime Contractor Fee @ 10% of Total Adjusted Cost 

Contingency @ 30% of Total Cost 

Subtotal Direct Costs 5325,986 29,899 184,397 16,481 5,766,116 

Subtotal Direct and Indirect Costs 

0 0 263,332 0 263,332 
0 0 52,713 0 52,713 

552,599 0 0 0 552,599 
0 1,495 0 0 1,495 
0 2,990 18,440 1,648 23,078 

6078,584 34,384 518,882 18,129 6,659,332 

466,153 

Adjusted Direct and Indirect Costs 6.078,584 34,384 518,882 18,129 7,125,485 

427,529 
712,549 

Total Costs 8,265,563 

2,479,669 

References used for cost estimates- 

I) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, R.S. Means Co., Inc., Kingston, MA 
2) Ethos Environmental Remediation Unit Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, co 
3) Ethos Environmental Remediation Assemblies Cost , 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, CC 
4) Historical data based on competitive bids submitted by subcontractors at this or other sites. 
5) Personal communication with General Chemical Corporation, 8/20/98. 
6) Personal communication with Enco Dredging/Waste Management Inc., 8/26/98. 

Notes: 
RCRA C Proposed Disposal Site: CWM Model City, NY. 
RCRA D Proposed Disposal Site: BFI Fall River, MA. 
EA = Each 
LS = Lump Sum 
HR = Hour 
SF = Square Foot 
LF = Linear Foot 
CY = Cubic Yard 
MO = Month 
TN = Ton 



Derecktor ShipyardEoddington Cove FS 
Alternative 3B - Limited Removal and Off-Base Disposal 
Cost Sensitivity Analysis -30% Volume 
Newport, Rhode Island 
Present Worth Analysis 

'RESENT WORTH ANALYSIS 

PRESENT CAPITAL 
YEAR WORTH COSTS 

FACTOR 

1.000 $10,745,232 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

0.935 
0.873 
0.816 
0.763 
0.713 
0.666 
0.623 
0.582 
0.544 
0.508 
0.475 
0.444 
0.415 
0.388 
0.362 
0.339 
0.317 
0.296 
0.277 
0.258 
0.242 
0.226 
0.211 
0.197 
0.184 
0.172 
0.161 
0.150 
0.141 
0.131 

O&M 5-YEAR PRESENT 
COSTS COSTS WORTH 

$10,745,232 
$34,200 
$35,400 
$34,200 
$35,400 
$34,200 $21,500 
$38,400 
$34,200 
$35,400 
$34,200 
$35,400 $21,500 
$34,200 
$38,400 
$34,200 
$35,400 
$34,200 $21,500 
$35,400 
$34,200 
$38,400 
$34,200 
$35,400 $21,500 
$34,200 
$35,400 
$34,200 
$38,400 
$34,200 $21,500 
$35,400 
$34,200 
$35,400 
$34,200 
$38,400 $21,500 

$31,963 
$30,920 
$27,917 
$27,006 
$39,713 
$25,588 
$21,298 
$20,603 
$18,603 
$28,925 
$16,248 
$17,050 
$14,192 
$13,729 
$20,188 
$11,991 
$10,827 
$11,361 

$9,457 
$14,704 

$8,260 
$7,990 
$7,214 
$7,570 

$10,263 
$6,096 
$5,504 
$5,324 
$4,807 
$7,869 

TOTAL PRESENT WORTH = $11.228.412 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 
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DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COST SENSITIVITY ANALYSIS +50% 
ALT-4 - COMPLETE DREDGING AND OFF-BASE DISPOSAL 
NAW CLEAN CT0 302 

Direct Cost Adjustment Factors 
Safety Level D Multiplier (5% of labor and equipment, for non-Lev. C activities) 
Safety Level C Multiplier (25% of labor and equipment, as listed) 
Site & Industrial Health & Safety Monitoring (4% of labor and equipment) 

Subtotal Direct Costs 

Indirect Cost Adjustment Factors 
Labor Overhead 0 250% (for field mamt. & home office. onlv) 
Field Construction Labor dverhead 0 75% 

I, 

Subcontract Overhead 0 10% 
Tax on Materials Q 5% 
G &A @ 10% (on labor, equip., & matl’s.) 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor 0 7% (ref. 1) 

Engineering 0 6 % of total direct and indirect 
Prime Contractor Fee @ 10% of Total Adjusted Cost 

Contingency 0 30% of Total Cost 

Subtotal Direct and Indirect Costs 

Adjusted Direct and Indirect Costs 

Total Costs 

References used for cost estimates: 

1) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, R.S. Means Co., Inc., Kingston, MA 
2) Ethos Environmental Remediation Unit Cost, 1998,4th Annual Edition, Delta Technologies Group, Inc., Englewood, CO 
3) Ethos Environmental Remediation Assemblies Cast, 1998, 4th Annual Edition, Delta Technologies Group, Inc., Englewood, ~0 
4) Historical data based on competitive bids submitted by subcontractors at this or other sites. 
5) Personal communication with General Chemical Corporation, 8/20/98. 
6) Personal communication with Enco Dredging/Waste Management Inc., 8/26/98. 

Notes: 
RCRA C Proposed Disposal Site: GWM Mode! City, NY. 
RCRA D Proposed Disposal Site: BFI Fall River, MA. 
EA = Each 
LS = Lump Sum 
HR = Hour 

SF = SqUZia FO,Si 

LF = Linear Foot 
CY = Cubic Yard 
MO = Month 
TN = Ton 



Derecktor ShipyardEoddington Cove FS 
Alternative 4 - Complete Removal and Off-Base Disposal 
Cost Sensitivity Analysis +50% Volume 
Newport, Rhode Island 
Present Worth Analysis 

PRESENT WORTH ANALYSIS 

PRESENT CAPITAL 
YEAR WORTH COSTS 

FACTOR 

O&M &YEAR PRESENT 
COSTS COSTS WORTH 

0 1.000 $35,588,529 $35,588,529 

1 0.935 $0 

2 0.873 $0 

3 0.816 $0 
4 0.763 $C 
5 0.713 $0 

6 0.666 $0 

7 0.623 $0 

8 0.582 $0 

9 0.544 $0 

10 0.508 $0 

11 0.475 $0 

12 0.444 $0 

13 0.415 $0 

14 0.388 $0 

15 0.362 $0 

16 0.339 $0 

17 0.317 $0 

18 0.296 $0 

19 0.277 $0 

20 0.258 $0 

21 0.242 $0 

22 0.226 $0 

23 0.211 $0 

24 0.197 $0 

25 0.184 $0 

26 0.172 $0 

27 0.161 $0 

28 0.150 $0 

29 0.141 $0 
30 0.131 $0 

TOTAL PRESENT WORTH = $35,588,529 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 
COST SENSITIVITY ANALYSIS -30% 
ALT-4 - COMPLETE DREDGING AND OFF-BASE DISPOSAL 
NAW CLEAN CT0 302 

2) Storage Trailer (1 ea) 
3) Portable Communication Equipment 
4) Equipment Mobilization/Demobilization 
5) Site Utility Hook-ups (elec., phone, etc.) 
6) Site Utilities 
7) 3 Pick-up Truck (rental) 

12) Site supervisor/foreman 
3j Site safety officer 
HOME OFFICE PROJECT MANAGEMENT ANI 
1) Project manager 
2) Project administrator 
3) Health and Safety director 
4) Procurementlsubcontracting 
5) Clerical support 

DREDGING/WATER TREATMENT 
1) Erosion control, silt boom 
2) Mob’Demob (barge and pier based equip.) 
3) Prep., maint., and removal ofstaging area 
4) Dredge sediments 
5) Treatment of dredge water 
6) Sediment confirmation testing 
7) Water Quality Testing 
8) Stabilization of Sediment 
9) DisposaVTransport 
9.1) Analysis of Sediment Prior to Transport 
9.2) RCRA C Landfill 
9.3) RCRA D Landfill 
9.4) Miscellaneous Solid Waste 

rFiiid& 
71 MO 

210 HR 0.00 0.00 30.00 0.00 0 0 6,300 0 
70 HR 0.00 0.00 35.00 0.00 0 0 2,450 0 

700 HR 0.00 0.00 30.00 0.00 0 0 21.000 0 

Unit Cost ($) Total Cost ($) 

Sub. 

1 OQ,868.00 

Mat. Labor 
I 

Equip.1 Sub. Mat. Labor Equip 

100.00 0.00 0.00 0.00 ‘700 0 0 0 
400.00 0.00 0.00 0.00 3,200 0 0 0 

25,ooo.oo 0.00 0.00 0.00 25,000 0 0 0 
3,ooo.oo 0.00 0.00 0.00 3,000 0 0 0 
4,ooo.oo 0.00 0.00 0.00 28,000 0 0 0 
2,850.OO 450.00 0.00 0.00 19.950 3.150 0 0 

0.00 0.00 30.00 0.00 I 0 0 42.000 0 
0.00 0.00 25.00 0.00 1 0 0 35,000 0 

0.00 0.00 12.36 0.00 0 0 a;652 0 
ii::::::::::::::::::::::, “,I)....), ~~~~~...~~~-::::i:::::::::::~::~:;:;:::iii::::~:::~~:::~:~;::::::::::,:;:;::::::::::~~:::::;:::::::,:::::::::::, :i:::::ii:::::i:i:::::i:::::ii:_::::~:::::~::::::::::::::::.:::::::::::::::::::::::~:::::~:~~~~~~~~~~~~~~~~~~~~~~~~~ .,...... . . . . . ,, .___... ,_,_,.. ,, _, .,,. . . . . . . . . . . . . . ..i........................................................ :ii:::::iiii:::::::::::.:;:;;:::;, ._.,... ,, . . . . ..__.............................................,.,....,.............,.~.....,....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ::::iii::::::::::::i::i::ii:i:::iiiii:::,~;;~::;::::::::::;::;~;~;;:~~~~ ::::: ;:::::iiii;;illB::::~,,, . . . . . . .._.................................,,,....,,,,,,.........,,,,...,,.,,,, ,__.,____. ,_,,,_,__,,_,_,,_ ____ 

0.00 10.00 4.00 4.00 0 50.000 20.000 20.000 
167,600.OO 

0.00 
43.00 

4,500.oo 
1,400.00 
3,600.OO 
2,500.OO 

0.00 
1 ,ooo.oo 

0.00 
0.00 
0.00 

50.00 
0.00 

700.00 0.00 
140.00 0.00 

85.00 0.00 
85.00 0.00 

0.00 
7,ooo.oo 

1.66 
0.00 
0.00 

200.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
3,ooo.oo 

0.00 
0.00 
0.00 

150.00 

1 
0.00 

0.00 
0.00 
0.00 
0.00 

167,600 
0 

I,534928 
382,500 

56,000 
306,000 
212,500 

0 'o~'a 
1,000 7,000 3,000 

0 59,255 a 
0 0 a 
0 0 a 

4,250 17,000 12,750 
0 0 a 

::iii:i::::::i::::::i:::::iiii::. Llljj)jl_LLl).j:LllI!i(iill:LLi-l 
lOQ,868 

50,000 
47,500 

:::::::iii:::::i;:::::iii::Li:i( .:::iiii::ii::::::::iii::::~:::: ..:_: ~ :_.::::.___.. :: . ...:: :::/ 
2,800 

700 
3,200 

25,000 
3,000 

28,000 
23,100 
27,00C 

..., i...:..,:: ..,,,,... :iii:,_, .:ii._:::::::::::::::::~:::::iii ~::::::iii:::::iiiii::::::::~::: 
4,900 
3,500 

:::::::::::::::::::ii::::::;:::: ::::::::::i::::::;::::i:i::::::: 
50,204 
42,000 
35,000 

~~~iiiiiiiiii~ ,...., _. .,,,,__. 
12,600 

6,300 
2,450 

21,000 
8,652 

iiiii)iijigjjljjt(jjilIlii:ilii :ii:::::::::iiiii: 
90,000 
167,6OC 

11,ooc 
1594,183 

382,500 
56,000 

340,000 
212,500 

Historical data 
Historical data 
Historical data 
Historical data 
:::::ii:::i: ..,,., ,.........,,.....,, . . . . . . . . . . . . .._ Illtt:::iiii)iil~.~~~~~~ 
Historical data 
Vendor Info. 
Vendor Info. 
Vendor Info. 
Vendor Info. 

Historical data 
Historical data 

Vendor Info. 

42,000 0 0 0 42,000 Vendor Info. 
1,799,078 0 0 a 1,799,078 Vendor Info. 
4,369,190 0 0 0 4,369,190 Vendor Info. 

25,500 0 0 0 25,500 Vendor Info. 

TotalDirec 
cost 6) 

~ 
:ee assumptions 
;ee assumptions 
#ee assumptior 

Historical data 
Historical data 
Historical data 
Historical data 
Historical data 
Historical data 
Historical data 
H,fstorical data 
~~~~~~.~,~.~,~.~.~.~~,:-iii:~,~;.;~ :::::::::::::::::::::::::iii:::::::::: 
Vendor cata@ 
Historical data 
:::::::::::j:ltBji:_iliiii::iiliii)ii iiti:iellt---:::;;--:;-*: 
Historical data 
Historical data 
Historical data 
mt:::::_i:::iii::::::::::iiiii:::: t(jttjl_/jjjjjijjjj:jii:liititt::lii)i 
Historical data 



DERECKTOR SHIPYARD/CODDINGTON COVE FEASIBILITY STUDY NEWPORT, RI 

COST SENSITIVITY ANALYSIS -30% 
ALT-4 - COMPLETE DREDGING AND OFF-BASE DISPOSAL 
NAW CLEAN CT0 302 

Direct Cost Adjustment Factors 
Safety Level D Multiplier (5% of labor and equipment, for non-Lev. C activities) 
Safety Level C Multiplier (25% of labor and equipment, as listed) 

-I 

Site & Industrial Health 8 Safety Monitoring (4% of labor and equipment) 

Subtotal Direct Costs 

Indirect Cost Adjustment Factors 
Labor Overhead 0 259% (for field mgmt. & home office, onlv) 
Field Construction Labor Overhead 0 75% 
Subcontract Overhead Q 10% 
Tax on Materials 0 5% 
G & A 0 10% (on labor, equip., & matl’s.) 

Subtotal Direct and Indirect Costs 

Cost Adjustment Factors 
City/Location Cost Adjustment Factor Q 7% (ref. 1) 

Engineering Q 6 % of total direct and indirect 
Prime Contractor Fee Q 10% of Total Adjusted Cost 

/Total Costs 

Contingency Q 30% of Total Cost 

t 

References used for cost estimates: 

1) Means Heavy Construction Cost Data, 1998, 12th Annual Edition, R.S. Means Co,, Inc., Kingston, MA 
2) Ethos Environmental Remediation Unit Cost , 1998,4th Annual Edition, Delta Technologies Group, Inc., EnglewoocJ, CO 

3) Ethos Environmental Remediation Assemblies Cost, 1998,4th Annual Edition, Delta Technologies Group, Inc., Engbwood, co 

4) Historical data based on competitive bids submitted by subcontractors at this or other sites. 
5) Personal communication with General Chemical Corporation, 8/20/98. 
6) Personal communication with Enco DredgingMlaste Management Inc., 8/28/98. 

Notes: 
RCRA C Proposed Disposal Site: CWM Model City, NY. 
RCRA D Proposed Disposal Site: BFI Fall River, MA. 
EA = Each 
LS = Lump Sum 
HR = Hour 

SF z squsre f+! 

LF = Linear Foot 
CY = Cubic Yard 
MO = Month 
TN = Ton 



Derecktor ShipyardEoddington Cove FS 
Alternative 4 - Complete Removal and Off-Base Disposal 
Cost Sensitivity Analysis -30% Volume 
Newport, Rhode Island 
Present Worth Analysis 

\A/fTOTU AhlAl "CIC 

L I- 

llL”Ll-4, YY”IIIIIAIYAL10,~ 

PRESENT CAPITAL 
YEAR WORTH COSTS 

FACTOR 

O&M 5-YEAR PRESENT 
COSTS COSTS WORTH 

0 1 .ooo $17,948,698 $17,948,698 

1 0.935 $0 

2 0.873 $0 

3 0.816 $0 

4 0.763 $0 

5 0.713 $0 

6 0.666 $0 

7 0.623 $0 

8 0.582 $C 

9 0.544 $C 

10 0.508 $C 

11 0.475 $C 

12 0.444 $0 

13 0.415 $0 

14 0.388 $0 

15 0.362 $0 

18 0.339 $0 

17 0.317 $0 

18 0.296 $0 

19 0.277 $0 

20 0.258 $0 

21 0.242 $0 

22 0.226 $0 

23 0.211 $0 

24 0.197 $0 

25 0.184 $0 

26 0.172 $0 

27 0.161 $0 

28 0.150 $0 

29 0.141 $0 

30 0.131 $0 

---. -----_ .- . . .---. IhA-9 ,.a- mm* I WI AL ~HtStN I WOHTH = g1 I,Y4U,bYG 

Discount rate of 7% per OSWER Directive No. 9355.3-20, June 25, 1993 


	TABLE OF CONTENTS
	LIST OF APPENDICES
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ACRONYMS

	EXECUTIVE SUMMARY
	INTRODUCTION
	DEVELOPMENT OF REMEDIATION OBJECTIVES
	IDENTIFICATION AND SCREENING OF TECHNOLOGIES
	DEVELOPMENT AND SCREENING OF ALTERNATIVES
	DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES
	REFERENCES
	APPENDICES
	Appendix A Chemical Data for Samples Collected
	Appendix B Preliminary Remediation Goals (PRGs) for Derecktor Shipyard/Coddington Cove (Final, SAIC, November 1998)
	Appendix C Volume Calculation for Sediments with COCs Exceeding PRGs
	Appendix D Cost Estimates for Selected Remedial Alternatives
	Appendix E Cost Sensitivity Analysis for Selected Remedial Alternatives


